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IF IT’S HOT 
YOUR PROFITS 
ARE LEAKING AWAY 


TWECO 
GROUND CLAMPS 


A BETTER GROUND CONNECTION 


FOR MAXIMUM WELDING 
EFFICIENCY 


EASY ON — EASY OFF 
They bite like 


a bulldog 


Three sizes for a complete range of manual weld- Heat is undesirable in a welding circuit except at 
ing needs; high copper alloy construction with the point of weld metal deposit. Serious loss of arc 
welded jaw shunts for maximum conductivity and time can frequently be traced to a poor ground. 
efficiency. Positive grounding; strong jaw grip; {witch to TWECO ground clamps and get more 
easy to install bolt and clamp cable connector. profitable man-hours in your welding shop. 


Amp. Capacity Cable Capacity 
ss 125 Ampere No. 6, 4, 2 
Write for Twecolog e 300 Ampere 4, 2, 1, 1/0 
+7 giving data and ; 500 Ampere 1/0 thru 4/0 


prices on the com- 
plete TWECO line of 


HOLDERS ® GROUND CLAMPS 
electrode holders, 0 @® CABLE CONNECTIONS 
eal we FOR ELECTRIC WELDING 
cable connections PRODUCTS COMPANY 


for electric welding ENGLISH AT IDA + WICHITA, KANSAS 
SEE YOUR WELDING SUPPLY DISTRIBUTOR 


MANUFACTURERS OF ELECTRODE 


Write for 
Quantity prices. 
They save you 

10 to 27% 


WATCH THAT GROUND 
| 
4 4 4 ‘yg 
IAM | 
* 
Price : 
: : 4.50 


You'll find just the right welder 
for your needs in the HOBART line 


Switch to HOBART ELECTRODES and see 
the difference in weld speed and quality 


On light work or heavy, overhead or down- 
hand—there’s a HOBART electrode made 
to give you better results whether you are 
using A. C. or D. C. welders. Easier to use 
Less spatter 
Check coupon 
for catalog list- 
ing full range of 
sizes ond types. 


The largest selling gas drive welder in 
the popular Hobart line is this husky, 
completely equipped, full featured 
200 ampere Model GR-215-S. Rated 
200 amps. at 40 volts on 60% duty 
cycle, it's not to be compared with 
any 30 volts, 50% duty cycle welder. 

In addition to the features dis 
played above, it brings you all the 
advantages of speed, quality weld- 
ing, low cost operation, long life, and 
convenience made possible by Ho- 


Electric Self. 


Starting and 
Slow Down” 


Engine Contro) 


BUY PERFORMANCE if you want PROFITS 


bart's unique design and construction! 
features. Remember them? Dual Con-] 
trol, Remote Control, Inherent Stabili4 
zation, Oversize 4-Pole Exciter, End} 


Mounted Bearings with exciter, fan} 


and generator on a single heavy duty 
shaft. If you're not familiar with 
these features— and the ways they 
bring you more weld production at 
lower cost, let us tell you more, with- 
out obligation. Hobart Bros. Co., Box 
W4J-30, Troy, Ohio. 


“One of the world’s largest builders of arc welders" 


HOBART BROTHERS CO., Box WJ-20, Troy, Ohio Free! 
We want more proof that HOBART is today’s biggest 7 


value in arc welders of 
tion on items checked 


D. C. Generator Road Trailer 
D.C. Gas Engine Drive 
Accessories Electrode Catalog 


NAME 
FIRM NAME 


A.C. Transformer Typ 


ADDRESS 


amp. capacity, Also send informa 


D.C. Electric Drive 


Use coupon and 
receive valuable “Guide 
Weldmobile to Better Welding 


A.C. Welder—A.C. Power A.C.—A.C. Generator only 


RT 200 amp. World Famous 

HOBART | 


ISS 


METAL & THERMIT CORPORATION 
120 BROADWAY + NEW YORK 5, N. Y. 
NEWARK 

PHILADELPHIA 

PITTSBURGH 

CLEVELAND 

E. CHICAGO, IND. 
MINNEAPOLIS 

SO. SAN FRANCISCO 


Fast, easy-to-use, Murex 
Genex electrodes speed 
production of welded 
frames for heavy duty 
earth moving equipment built by The 
Euclid Road Machinery Co. And, their 
nearly spatter-free operation reduces weld 
cleaning time to a minimum. 


Many of America’s leading fabricators 
have standardized on Murex electrodes be- 
cause of their ability to provide high qual- 
ity welds at low cost. Let us put you in 
touch with Murex performance today. De- 
seriptive literature—yours for the asking. 
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MALLORY 22 METAL 


Mallory 22 is a high-strength, high- 
conductivity copper base alloy con- 
taining cadmium and zirconium. It 
is covered by Mallory-owned U. S. 
Pat. 2086329. Mallory 22 has been 
found to give outstanding results 
when used as seam welding wheels 
on light gauge steels, as well as the 
welding of coated steels, such as 


terne plate, galvanized iron. ete. 


Mallory 
22 Welding Wheels 


Take Hot And Tough Jobs 
In Their Stride! 


Forged wheels of Mallory 22 Metal are setting an amazing new 
pace for seam welding applications requiring high operating pres- 
sures and temperatures ... those jobs where cracking and mush- 


rooming normally take a high toll in wheel life. 


Typical is the outstanding record made by one Mallory customer 
in the roll spot welding of automobile frames. Previously, 830,800 
spots yy T wheel Was ¢ onsidered good Mallor y 22 Was rec ommended 


to the customer...and now his production, using Mallory 22 


forged wheels, is running at 1.513.296 spots per wheel . . . making 
| 


a far lower cost per weld 
That's value beyond the purchase! 
Mallory 


Mallory h is done for othe rs can he done for vou! 


s resistance welding know-how is at your disposal. What 


W est Coast Office and Warehouse: 1338 So. Lorera St., Los Angeles 23, Californic« 


nada, made and sald tw Johnson Matthey & Mallory, 110 ladustry Street, Toronte 15, Ontari 


Resistance Welding Tips, Holders, Dies, Rod and Bars, Castings, Forgings 


SERVING INDUSTRY WITH 


Capacitors Contacts 
Resistors 


Vibrators 


Controls 
Rectifiers 
Special Power 
Switches Supplies 
Resistance Welding Materials 
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ANd HELIARG Welding co 


Trade-Mark 


Combination 
and Save Money 


Build Sales Appeal with 
Stainless Steel 


Get Clean, Fast Welding 


Cut Finishing Costs to the Bone 


Switch to the “Heliare” process for welding 


stainless steel. Welding is fast. distortion is 
low, and there is no spatter with the “Heliare” 


process. No flux is used and you save clean- 


ing costs. The welds are so smooth that many 
articles need no grinding or finishing at all. 

Switch to stainless steel for your other 
products too. They will have added strength, 
longer life. freedom from corrosion and better 
appearance. You build sales appeal into your ‘ 


product when you weld stainless steel with 


“Heliare™ equipment. 
“Heliare” welding a stainless steel water tank for use in rail- 


Get vour free copy of the 24 page booklet, 
road passenger coach, Welds will need no further finishing. 


“Heliare Welding” that tells about this clean. 


fast. worry-free process. Just fill out the 
coupon and we ll send your copy of the book- 


let without obligation. 


The word Heliorc 
The Linde Air Product 


The Linde Air Products Company 
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Rew ar 


ding work! 


NI-ROD saves iron 
castings ...makes 


machinable welds 


But for Ni-Rod electrodes, this pump body would 
hove been scrapped at the foundry. The built-up 
oreo of the flange facing is almost indistingvish- 
able from the original cast iron. Machining, drill- 
ing and tapping of the Ni-Rod weld deposit were 
no more difficult than similar operations in castiron. 


For welds you've never been able 
to make before . . . in high- 
phosphorus irons; heavy sections— 


NI-ROD “55” 


In the photograph above, you see a 
45-pound gray iron pump casing 
that was rejected because a small area 
of the flange failed to fill during 
pouring. 


Instead of being scrapped, the cast- 
ing was sent to the plant’s welding 
department. There, with Ni-Rod® 
electrodes, the defective flange was 
built up and the repaired casting was 
passed to the machine shop where it 
was finished like a regular production 
piece. 


Salvage operations like this with 
Ni-Rod save time and money. 


Ni-Rod gives fast, crack-free, non- 


porous welds that are a close color 
match for gray iron... and welds that 
are as machinable as the iron itself. 
Slag removal is easy. And Ni-Rod is 
stable-arcing in all positions with 
either AC or DC current. 


Another important Ni-Rod feature 
... preheating or post-heating is sel- 
dom necessary. 


Why not try Ni-Rod in your own 
shop .. . soon? Discover for yourself 
why 4 out of 5 shops re-order Ni-Rod, 
once they've tried it. 


Your nearest INCO distributor stocks 
Ni-Rod in 3/32”, 1/8”, 5/32”, and 
3. 16” diameters. 


FREE — 8-page booklet: 
“NI-ROD ... a4 new electrode for any cast iron welding.” 


THE INTERNATIONAL NICKEL COMPANY, INC. 


67 Wall Street, New York 5, N.Y. 


EMBLEM 4 OF SERVICE 


ni-RO 


WELDING ELECTRODES 


wate 


NI-ROD DISTRIBUTORS 


D 


Alloy Metal Sales, Led 
Robert W. Bartram, Led 
Eagle Metals Company 
Metal Goods Corporation 


Company 


Metal & Thermit Corp i N 


J. M. Tull Metal & Supply 


Pacific Metals Company. Ltd 


Sceel Sales Corporation 


| Cylinder Gas Company Hollup Corporation 


Whitehead Metal Products 
Company, Inc 


Wilkinson Company, Led. 


Williams and Company 
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by F. R. Strate 
and R.1. Strough 


HE application ol mild-steel are- 
welding electrodes, since their intro- 
duction in this country around 1907 
has become increasingly more complex as 
different ty pes ol mild-steel electrodes were 
de veloped by the electrode manufacturers 
to meet the demands of industry 
The first types ol irc-welding electrodes 
used in this country were the bare wire or 
fenee wire” variety, the welding char- 
acteristics of which were improved by the 
iddition of a thin “Sulcoat’ or lime wash 
to the surface of the mild-steel core. These 
types of electrodes were relatively difficult 
to apply and produced weld deposits low 
in quality Several of these bare-wire 
types ol electrodes are in use today on 
applications where their little or ne 
slagging characteristics are an advantage 
and where high quality ol deposit Is not 
demanded These types of electrodes fall 
in the A.W.S. £4500 classification 
Industry’s demand and the electrode 
designer's desire for improvements the 
quality of the deposited weld metal 
brought about the development of the 
electrodes we know today as the A.W S 
£6010, £6012, £6020 and types o 
electrodes, plus the M6011 & h6013 types 
The E6010 types of electrodes attair 
their improvement in’ the quality 
deposited weld metal over the bare-wire 
type mainly from the use of cellulose i 
the coating. The combustion of the cellu 
lose in the are produces carbon dioxide and 


earbon monoxide gases in sufficient quan- 


We 


( New kN 
trate Welding Supt 
I. Strough Welding Sp« 
ws P t.M 


Thirtiett Annua Mee 


4.W.S., Cleveland, OF week of Oet. 17, 1940 


Application of 


to that suitable for the specific code. 
choice is available. 


Fig. 1 


ild-Steel Electrodes 


® The application of welding to code work limits the selection of electrode 
In other instances greater freedom of 


Fundamental elements governing choice are discussed 


tity to envelop the are stream and shield 


the transferring weld metal from harmful 
effects of the itmosphere This type ol 
coating lends itself readily to producing 
welds in all positions; also the weld 
metal exhibits high-average mechanical 
properties. The electrodes of this basic 
type operate on d.-c. reversed polarity 
(electrode positive only and have deep 
penetration qu ilities and produce a rather 
flat bead 

The E6012 types of electrodes secured 
their improvement in the quality of 
deposited metal over the bare-wire type 
mainly from the use of rutile (TiQ.) in the 
coating. The rutile, in a sense, provided a 
physical shield for the transferring weld 


metal from electrode to work and pro 


Strate, Strough Vild-Steel Electrodes 


duced a generous slag to cover the de- 
posited weld metal rhis type ol elec- 
trode has somewhat less penetration than 
the E6010 type electrode along with a 
higher ultimate tensile strength and less 
ductility It is characterized by a smooth 
convex bead and relatively low spatter and 
is usable in all positions of welding with 
d.-e. straight polarity or alternating-cur- 
rent power sources 

The £6020 and 16030 t pes of electrodes 
achieved their improvements in physical 
properties over the bare-wire types through 
the use ef abundant quantities of mineral 
oxides in the coating which provided a 
physical shield for the are transfer of weld 
metal and a heavy scavenging slag for the 


molten weld-metal pool These types of 


Evolution of the E6012 showing the progress from the Sulcoat through 
the tape type to the present extruded type 
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electrodes are characterized by a concave 
bead, deep penetration and high melting 
rates. The heavy slag produced by these 
electrodes limits them to applications in 
the flat position only. In general, these 
electrodes may be used with either straight 
or reversed polarity, depending on type 
of joint or application, or they may be 
used with an alternating-current power 
source 

Figure 1 pictures the story of advance- 
ment in the development of the 6012 
class of welding electrodes. In each case 
12 in. of the electrode was burned and a 
'/-in. fillet weld produced, using °/»-in. 
diameter electrodes at the same machine 
setting. The Suleoat eleetrode produced 
a porous convex bead 6.5 in. long. The 
1952 version of the E6012 type electrode 
produced a convex bead 6.9 in. long. In- 
cidentally this 1932 version of the E6012 
electrode was manufactured by enveloping 
the core wire with an impregnated cotton 
tape —a process of manufacture too expen- 
five to employ for today’s market. The 
Modern, extruded H6012 pro- 
@uced a smooth flat bead 8.1 in. long, a 
gain of almost 30% in the length of weld 
bead obtainable with 12 in. of electrode 
over the Sulcoat type of electrode. 

The 16013 classification of mild-steel 
arc-welding electrodes was the next general 
class of electrodes developed for industry. 
The development of this class of elec- 


electrode 


“trodes was brought about by the demand 
for a better electrode to use with the al- 
ternating that 
were coming on the market in the early 
1930's, The E6012 the 
market at that time were not wholly satis- 
factory for use with these early a.-c. weld- 
ing Basically the 
class of electrode is a modification of the 
16012 type electrode 
ing agents such as potassium were used to 


current “transformers” 


electrodes on 


transformers 
Strong are stabiliz- 


accomplish this modification of improved 
alternating 
The electrodes are char- 
by 


operating characteristics on 
current 

neterized smooth convex beads and 
In general, the slag removal 
The 


low spatter. 
is easier than the E6012 class. 
electrodes are usable on straight 
polarity and in some cases are used with 
reversed polarity. They, of course, excel 
when compared to the h6012 class when 
using a.-c. transformers as the power 
source, 

The E6OLL class of electrodes was devel- 
oped during the early 1940's and again the 
the 


fo operate on 


reason for their development was 


demand for an 
alternating current; 


an additional requirement for this develop- 


howev er, there was 


ment and that was the stipulation that 
the electrode meet the high-average me- 
chanieal properties of the h6010 class of 
In other words, the demand 
£6010 electrode that would 
The de- 


class of electrodes 


electrode. 
for an 
operate on alternating current. 
signers of the F601! 
approached the problem from varying 
viewpoints but in general the basie design 


was 


Fig. 2. Comparison of the length of horizontal fillet welds produced by 12 in. of 
electrode of various A.W .S.-4.8.T.M. classifications 


was a modification of the E6010 electrode. 
The 
usable with d.-e. reversed polarity and are 


class of electrodes are also 
similar in operating characteristics to the 
£6010 electrodes on d.-c. reversed polarity. 
These electrodes excel, ot course, on a.-c. 
and produce the high-average mechanical 
properties demanded by industry. 
Although the A.W.S. Classification 
E70XX, ESOXX, E9OXN and 
E100X.X are not part of this discussion, it 
might be of interest to state that in general 


SeTICS, 


the development of these electrodes is 
accomplished by adding alloys to the basic 
series coatings. 


E7010 class of electrodes was developed by 


For example, the 


adding alloys to a basic E6010 coating, ete. 
It may now be seen that considerations of 
application had but a minor influence in 


initiating and directing the development of 
Quality of de- 


posited weld metal (mechanical properties 


the several classifications 


and soundness) and the ability to perform 
different 


welding power sources were the early prime 


satisfactorily with types of 


factors However, in the development of 
these several classes to meet the original 
had 
to be differences in the operating charac- 
the 


demands of industry there inherently 


teristics of these electrodes which ir 
broad field of application might give one 
class ot electrodes an advantage over 
another class ona specihe type ot applica 
fron. 

To illustrate pictorially the differences 
between the classifications of electrodes, 
several simple comparative tests on dif- 


ferent types of applications were made 


Klee- 


trode 


Diameter, 
m. 


E6010 ‘ 
E6012 
6013 
£6020 


A mp. 


175 
175 
210 
210 
210 


rizontal Fillets (Read with Fig. 2) 


Electrode 
used, 


Weld, 


wn 


tot no note 


Strate, Sti ough 
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601) 
E6013 
6020 
ra 
$5 lable 
% fillet, in | = 
1 8.1 6.9 
1 8.7 S4 
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In each comparison, only direct current was 
employed and a nominal current value for 
the class and diameter of the electrode 
used £6010 and E6011 electrodes are 
normally used with lower current densities 
than the E6012, E6013, or E6020 type 
electrodes, which practice has been fol- 
lowed in making comparisons 

In the application of electrodes wherein 
speed in producing flat or horizontal fillet 
welds is of prime importance the £6020 or 

hot red” type of electrode is outstanding 
as indicated by both the data and Fig 2 

However, it should be pointed out that 
if short welds are to be made wherein 
restriking of an E6020 electrode is re- 
quired, the use of £6012 electrodes might 
be preferable if permissible under the 
applicable code or specifications, The 
16020 electrodes, upon breaking the are, 
produce a deep cup with coating extending 
beyond one core; this renders restarting 
difficult, hence the ©6012 electrodes are 
preferred when this operation must be 
performed. 

An interesting comparison of the char- 
acteristics inherent in the types of elec- 
trodes shows up when flat position lap 
On horizontal fillets the 
£6020 electrode is unexcelled: 


welds are made 
however, 
in this comparison the £6020 electrode 
shows up very poorly, The poor showing 
of the £6020 electrode is due to the deep 
penetrating quality of the are flowing more 
of the base plate into the weld than the 


Fig. 3 
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Table 2—Flat Position Lap Welds (Read with Fig. : 


Diamete 
E6010 
E6011 
E6012 
E6013 
E6020 


Klectrode 


ised 


fluid slag of the electrode can handle 
Whereas the E6013 electrode with its 
lesser penetrating are and quicker freezing 
slag shows up to better advantage on this 
particular application 

Using the same type of joint as used in 
Fig. 3 but inclining the plate 15° from the 
flat it is found that entirely different sets 
of production figures turn up 1e E6010 
ind E6011 electrode maintain the same 
rate of production. However, the pro- 
duction rate of the k6012, E6013 and E6020 
electrodes jump an average of 27% 

The greatest jump in production rate is 

26020 


where the fluid slag and deep penetration 


accomplishe { b the electrode 


help to increase the inches of weld pet 
minute 

£6020 electrodes were not- included in 
this comparison because their fluid slag 
ind deep penetration do not lend them- 


selves to sheet metal applications 


Comparison of the length of flat position lap welds produced by 12 in. of electrode of various 
classifications 


Vild-Steel Electrodes 


Strate, Strougl 


The pictorial comparison of the four 


indicates that the 


classifications shown in Fig. 5 
E6011 type electrode 
might be the most satisfactory type for 
this application because of its long length 
of weld 
presented shows the £6013 electrode to be 


However, a study of the data 


the best from the st indpoint of the highest 
inches per minute of welding speed 

In the actual field of application, there 
is a difference of Opinion Some welders 
prefer the 6012 or type electrodes 
whereas others prefer the I 6010 and £6011 
For consistent production of watertight 
joints the E6010 and 6011 classes seem 
to have the preference 
shows the 
production 


Figure 6 pictorially 
electrode giving the highest 
rate on this '/, in, vertically down lap weld 
In the length of weld producible with 12 in 
of electrode the E6011 electrode is next in 


rate, the E6013 electrode is second in the 


6020 - 


1.0 


195 


/ 
Plate 
thick- J 
Ness Weld, Weld, , 
in imp in n in, /min 
200 12 10.6 
200 12 11.2 9.6 - 
200 12 10.9 9.5 
es 250 12 11.7 9.9 
250 12 9 4 8.9 
4 
} 
F Flat 


INCL INE 


GOZO i5* INCLINE 


Fig. 4 Comparison of the length of 15° inclined lap welds produced by 12 in. of electrode of various 1.W.S.- 1.S.7.M. 
classifications 


i number of inches of weld produced per 
lable 3—15° Inclined Lap Welds (Read with Fig. 4) minute. 

Plat Figure 7 is an illustration of the increase 
Electrode in the length of a '/,-in. fillet obtainable as 
pees, Elec- Diameter, aed, ’ Weld, the diameter of the electrode is increased, 
in trode min 
E6010 200 

E6011 200 

E6012 6 250 

£6013 rt 250 ' 9 weld per 12 in. of electrode than does the 

£6020 20 ‘/ in. diameter. This fact lends itself 

to many applications, nation wide, where 
ie-in. diameter electrodes are being used 


f It is interesting to note that the 7s in. 

3 diameter, an electrode whose use is rela- 
2 tively low, gives approximately 30°; more 


ho no bo 


where possibly 7 in. diameter could 
readily increase production. It has been 
the authors’ experience that on many 
occasions attempting to increase produe- 
tion by increasing the diameter of elec- 
trode used have jumped from */,» in. diam- 
eter to '/, in. diameter and on finding 
'/, in, diameters too large for the job have 
reverted back to */\«in. instead of demand- 
ing that */» in. diameter be tried on the 
particular application. 


SUMMARY 


The process ol selecting the proper 
electrode to accomplish a specific welding 
application may be divided first into two 
parts: (a) Code work and (b) Noneode 
work. 

If the welding application is governed 
by specific code the selection ot electrodes 
is limited to using the largest diameter 
possible and consistent with the Code and 
the power source available 

If, however, the welding application is 

Fig. 5 Comparison of length of corner welds produced by 12 in. of electrode not governed by Code the selection of 
of various tW.S.-1.8.7.M. classifications the best electrode for the highest produe- 
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Table —Corner WV elds—Sheet Metal (Read with Fig. 5 


Plate 
thick- 
Elec- Diameter, 
in trode in 

E6011 

£6012 

£6013 


Weld, 


Fig. 6 Comparison of length of lap 

welds made vertically down produced 

by 12 in. of electrode of various 
classifications 


tion rate becomes a matter of the ir genuity 
of the welding supervisor and welder. 

It should be axiomatic to the welding 
supervisor and welder that no one type of 
A good il- 
lustration of this point is brought out in Figs 
2 and 3 where the £6020 electrode excelled 


electrode will do every job best 


all others on horizontal fillet welds, yet in 
Fig. 3 on a horizontal lap weld it was rela- 
tively unusable. 

Some general points to keep in mind in 
the selection of electrodes for specific jobs 
might be: 


3. On applications where poor fit-up 
occurs the E6010, E6011, B6012 and 013 
electrodes should be considered. 

4 On 


welding is 


applications where multipass 


required on heavy sections 
£6020 electrodes may crack in the first 
pass; if such cracking occurs the use of 
£6010 or E6011 electrodes will eliminate 
the difficulty without preheat 

5. On where the 


ipplications plate 


Table 5—Lap Welds—Vertically Down (Read with Fig. 6) 


klev- Diamete 
(rode 


Weld, 


min 


lable 6—Horizontal Fillet Welds (Read with F 


Diamete 
mn 


6012 
HO12 
HO12 


klectrode Length 


sed of weld, 


Fig. 7 


| Weld metal of the highest average 
mechanical properties are deposited by 
K6010, H6011, £6020 and E6030. elec- 
trodes (E6015 and E6016 not discussed 
in this paper should also be included here 

2. On applications where good fit-up 
is secured and it is possible to consume an 
entire electrode the £6020 and £6030 elec- 
trodes give the highest production rates 
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Comparison of length of horizontal fillet welds produced by 12 in. of 
electrode of various 1.W.S.-4.8.7.M. classifications 


material approaches the high side of weld- 
ible grade and £6020 or £6030 electrodes 
crack due to their deep penetrating char- 
£6010, E6011, 16012 or 
6013 electrodes may suffice 


acteristics the 


6. On sheet metal applications where 
lap or corner joints are used £6010, 6011, 
£6012 and £6013 electrodes should all be 


considered 


i 
Klectrode 
ised Weld, 
imp in im in./min 
12 17.7 12.8 
00 12 13.4 
110 12 16.5 14.3 
110 12 16.6 14.7 
Plate- i 
thick- Klectrode Length 
imp 7 n in./ 
ce 140 12 21 16.7 
140 12 22.5 18.0 
174 12 23.5 22.2 
175 12 20.6 191 
q | 12 13.5 
3 
ane 
| 
4 
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Hardiacing Applications in the Steel Industry 


§ HMardfacing in the steel industry must be based on understanding of the 
nature of wearing conditions on the part and a corresponding understanding 
of the qualities and functions of the various types of hardfacing materials 


by J. J. Barry 


EW modern methods of general usefulness to all 

industry have been so fundamentally valuable to the 

steel industry as hardfacing, and few, if any, have 

stood the cold-blooded serutiny of that industry so 
well. Originating in the oil fields, hardfacing quickly 
Was taken up by steel mill maintenance men to solve 
Bumerous problems of wear on parts serving under al- 
Most unbelievably severe conditions. There can be 
little doubt that the steel ihdustry is the toughest 
Possible proving ground for a wear-resisting material, 
and the success and continued standard use of modern 
hardfacing methods in that industry is the strongest of 
testimony to their effectiveness. For in the steel mill, 
the alloy must do its job both in quality of results and 
iM costs, or its place in the scheme of things is ended. 
Present steel industry economics do not permit the 
@ontinued use of questionable or borderline methods 
Pennies and fractions of pennies are made to count in the 
ost of a ton of steel. 

It seems, therefore, that the experience of the steel 
industry with hardfacing should provide valuable food 
for thought, not only for steel men themselves, but for 
all those who may be faced with problems of serious 
wear on parts subjected to impact, abrasion, corrosion, 
heat, erosion, or any combination of these factors. 
While hardfacing is not the answer to all of them, it 
is the answer to many, and while it is not always 
initially the cheapest method, it often is the least expen- 
sive in the long run. Such has been the experience 
of the steel industry, as well as many others 

One major factor in the success of the steel industry 
with hardfacing has been the understanding, gained 
from long experience, of the importance of the selection 
of the proper alloy for the specifie job. Often a minor 
difference in conditions, between two apparently 
identical problems, permits the use of a far less expen- 
sive material with full satisfaction—or, conversely, 
requires the use of a far more costly alloy to do the job 
right. 


J. J. Sate is with the Technical Sales Div., Air Reduction Sales Co., New 
York, N 

Presented at the Thirtieth Annual Meeting, A.W. S., Cleveland, Ohio, week 
of Oet. 17,1949 
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Hardfacing 


The successful choice of a hardfacing alloy for a 

specific application requires two simple fundamentals: 

1. Sound analysis of the nature of wearing condi- 
tions on the component. 

2. Sound understanding of the qualities and func- 
tions of the various types of hardfacing mate- 
rials. 

Given this basis for selection, all that is required to as- 
sure maximum benefits is a welding operator to apply 
the material in the proper manner. Haphazard 
choice of materials is far more serious as a cause of 
hardfacing dissatisfaction and failure than is improper 
application—but the welding operation is also a vital 
factor in a good job. 


TYPES OF HARDFACING ALLOYS 


The properties of modern hardfacing materials 
cover a wide range of variations, sometimes with almost 
indistinguishable graduations between various mate- 
rials, from the harder and tougher materials among 
standard welding electrodes and rods, to solid inserts of 
tungsten carbide, and to wear-resistant materials that 
are scarcely “hard” at all, such as bronzes and brasses. 

Hardfacing itself, however, is mostly concerned with 
the materials in three main groups, all of which may 
be generalized as harder and or tougher than the base 
metal in question. 

Group I includes the multitude of ferrous-base hard- 
facing alloys, which cover a major share of the applica- 
tions. 

Group IT consists of the nonferrous metallic alloys, 
generally cobalt-base materials designed to provide 
hot-hardness for high temperature wear qualities 

Group IT consists of the composite tungsten carbide 
types—-ranging from fine particles to large solid inserts 
of carbide, in various matrices, for maximum abrasion 
resistance. 

From this basic breakdown, it will be seen that 
Groups II and III are in the order of special-purpose 
classes, the one for hot-hardness and the other for 
extremely abrasive conditions. Less severe abrasion, 
most impact problems and problems involving both 
these factors, at normal operating temperatures, will 
usually be met with materials in Group I. 
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Metallurgical research has generally established that 
the constitution and structure of metals are funda- 
mental factors that determine their properties. The 
science of metallography or physical metallurgy has 
developed around this recognition. Composition, as 
determined by chemical analysis, is important, and 
may be decisive in the production of a desired structure 
with its attendant properties, but other factors, such as 
heat treatment, may be more influential. It is also 
possible to produce a required structure with several 
different compositions, or to produce several structures 
by different treatments of the same alloy. For these 
reasons, it is usually desirable to consider hardfacing 
materials in terms of their structure whenever possible 

In soundly engineered commercial hardfacing mate- 
rials, every effort has been made to produce an analysis 
which, by proper deposition and handling, will yield 
a microstructure as nearly as possible suited to the uses 
recommended for the alloy. In a paper presented last 
vear at these meetings,” the fundamental microstruc- 
ture of the more popular types ol hardfacing materials 
was taken up in some detail, and this information is 
readily available. For the present purpose, however, 
we shall confine the discussion to the service conditions, 
as encountered in steel mill service, and the general 


types of material used to meet them 


SERVICE CONDITIONS 


The basic service problems of wear for which hard 
facing provides protection are: 
1. Abrasion, or grinding friction 
2. Impact or battering 
3. Heat, often combined with 1, 2 or 4 
4. Corrosion, chemically, or erosion by hot gases 


It is seldom that we find a service problem which 
confines itself strictly to one of these conditions, al- 
though most problems have a single predominant fac- 
tor. 

It is only in meeting problems of pure abrasion that 
hardness itself is the most important characteristic of 

t Avery, H. 8. “Hard Surfacing by Fusion Welding’’ American Brake 
Shoe Co., New York, N. Y. (1947 


Barry, J. J., and Muller, A The Econom 
Journat, 28 (1), 31-37 (1949 


ics of Hardfacing Tur 


Fig. 1 Straight-lipped clamshell bucket, one of many 
types of excavating equipment hardfaced for longer life 
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the hardfacing alloy. For this reason, where abrasion 
is most severe, the tungsten carbide materials are used 
Such materials, however, do not provide much in the 
way of impact resistance, being so hard that they are 
quite brittle; and when we find appreciable impact 
involved with the abrasion, we must turn to a com- 
promise material in the ferrous alloy range, which will 
provide an impact-resisting life measuring up to a good 
abrasion resistance. When the problem is further 
complicated by high-temperature service conditions, 
we must often go to the cobalt-base nonferrous alloys 
to find a material which provides a suitable balance of 
durability under all three conditions —heat, abrasion 
and impact. At times, the difficulties will be further 
complicated by erosive or corrosive conditions, but 
fortunately most of the heat-resistant materials are 


corrosion resistant as well 


Fig. 2 Spindles and couplings, which take the hardest 
treatment of any machine parts, arevan Ofte 
plication of hardfacing in steel mills 


Fig. 3 Rod-mill charging rolls, faced with a low-cost, air- 
hardening ferrous alloy, have much longer life than new 
parts 
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Given such a range of possible service requirements, 
and such a range of possible overlays to resist them, it 
becomes apparent that we must take particular pains 
to select a hard-facing alloy for each particular job, 
to suit that job’s needs. With that part of the prob- 
lem, we must match up the economic requirements, and 
only a good measure of know-how and judgment will 
permit us to come up with the right answer. 

Much of the difficulty, however, is resolved by the 
readily available breakdowns of analysis, microstructure 
and properties provided for the user of modern hard- 
facing materials. In most cases such information, 
coupled with a careful analysis of the problem, probably 
is enough to arrive at a sound answer. It is when we 
run up against the more complex problems that we 
must work out special individual answers, and often 
the job is a trial-and-error proposition. 

It may be necessary to work out a suitable inter- 
mediate overlay between the base metal and the wear- 
resistant layer. It may be necessary to work out a 
at treatment or cold-working method for the job. 
eheating, cooling methods and other aspects of 
‘hnique may prove the key to a more effective result. 
ese elements, more than any fault in the material or 

actual deposition, are likely to be the real reason 
dissatisfaction and failure, and if the job is at all 
portant, it is well worth while to make the effort to 
tain top results. 
Here again, the problem is often simplified by refer- 
g to the wealth of experience and know-how available 
rough the manufacturer of the hardfacing material. 
ith an accurate analysis of the job requirements and 
ch factors as base metal analysis and structure, the 
thnical information thus available can often either 
ve the problem outright or point the way definitely 


ward a wise solution. 


Fig. 4 Coke shutes, pounded and abraded by constant 
streams of coke, wear out quickly unless hardfaced with 
a su'table alloy 
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Hardfacing 


Fig. 5 Pickler crank, restored to size with a high-carbon 
material, will outlast a new part at a sizeable saving 


The service conditions in a steel mill exemplify more 
completely, than those of most industry the problems 
hardfacing is intended to alleviate or solve. And the 
manner in which the steel industry applies hardfacing 
materials to solve their problems illustrates some of the 
best, and most successful, practice in the field. 


APPLICATIONS 


An outstanding and well-known success of hardfac- 
ing, not only in steel mills but in construction and other 
industries, is its use on bucket lips and other excavating 
and material-handling equipment. The ore-handling 
bucket, illustrated in Fig. 1, is one type of application 
in this class, one where service conditions consist of 
both abrasion and impact. For such an application, as 
illustrated in Fig. 1, a low-alloy ferrous material, 
vielding an analysis of approximately 0.85 C, 5.0 Cr, 
0.90 Mn and 0.55 Si, and a hardness of Rockwell 
C 53-57 has proved an advantageous electrode. A 
similar material, in rod form, varies slightly in alloy 


Fig.6 The guide to the charging rolls of a rod mill, serving 
under both impact and abrasion, is hardfaced at the exit 
end 
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Fig. 7 Scale breaker rolls are hard faced with a material 

which gives a life approximating that of normal shutdown 

periods, to reduce downtime and special shutdowns to a 
minimum 


content, but delivers similar combination of unusual 
toughness for impact resistance and high hardness for 
abrasion resistance. Smooth deposits, minimizing finish 
grinding when required, characterize both materials 

In other cases, particularly where the original bucket 
is of manganese steel, a nickel-manganese electrode is 
used to provide even higher impact resistance-—at, of 
course, some sacrifice of abrasion life. These deposits, 
however, have excellent initial toughness, and good 
initial hardness which increases by work-hardening 
during use to Rockwell C 45 or better. 

Another application of the low-alloy ferrous material, 
first described above for bucket lips, is on such parts as 
rolling mill spindles and couplings, as illustrated in 
Fig. 2. The service conditions for such parts include 
severe and constantly repeated impact as well as a 
rolling abrasion, and this air-hardening alloy steel has 
proved highly satisfactory in such service 

Figure 3 illustrates still another application of this 
These rolls 


are subject to a complex group of variable conditions 


material on rod mill billet charging rolls 
heat, impact and abrasion -and requires a “compro- 
mise”’ material which can provide good all-around prop- 
erties for such variable requirements. The air-harden- 
ing type of alloy has proy ided one satisfactory answer to 


the problem in steel mill service 


Fig.8 Ingot stripper bits, shown as hard faced with high-carbon material for 


Figure 4 represents a more normal type of use of this 
alloy—in the kind of service for which it is specifically 
intended. The coke-chute illustrated combines severe 
abrasion with severe impact and the plates wear out 
With the low-alloy, 
hardfacing material combining exceptional qualities 
of toughness and hardness, wear is sharply reduced and 


very quickly unless hardfaced. 


the life of the chute greatly extended. 

Similar results with this alloy are achieved in the 
cases illustrated in Figs. 5, 6 and 7. Figure 5, a 4 
in. diameter pickler crank, is faced with the are and 
ground to a finish. Figure 6 a charging roll guide for 
a rod mill, is faced at the exit end to reduce the wear 
from both impact and abrasion. 

Figure 7, however, is a case where there is an added 
factor introduced in the thinking behind the applica- 
tion. The air-hardening type of material is not the 
longest-lived alloy which could be used on these wire- 
mill seale-breaker rolls. It is a less expensive alloy, 
however, and provides a service life which approximates 
the normal shut-down period of the mill. In such a 


case, it is more economical to use the lower-cost, shorter- 


lived material and make replacements during normal 


periodic shutdowns than to use the more expensive 
material with longer life and either increase the required 
shutdowns for replacements or waste a sizeable part 
of the cost invested in the longer and unnecessary period 
of usability. This logic is an invaluable part of the 
savings obtained with hardfacing materials, for one of 
their greatest contributions, in cost cutting, is the 
reduction or elimination of repairs and downtime. On 
steel-mill equipment where periodic downtime is a 
regular necessity, the « heapet alloys can often be used 
in this way to extend the life of a part so it fits the rou- 
tine repair schedule 

Figure 8 illustrates a type of use where different 
hardfacing alloys have been used for similar parts. 
These ingot stripper bits, as illustrated, are hardfaced 
with a high-carbon (0.60°% as deposited) steel for low- 
cost weal however 


resistance These same bits, 


old” service, may be similarly faced with 


cobalt-base material for greatly extended “hot” service life 
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Biz. 9% Use of high-carbon material on these crane brake 
@heels extends their life and permits a machined finish 
Would require a high-alloy cobalt-base rod for good 
service life. Such bits, which without hardfacing 
have a service life of only a few hours, have proved to 
last an average of 80 to 85 hr. when hardfaced with 
guch an alloy. In one case, where 600 such bits have 
been used per month, hardfacing with the cobalt-base, 
heat-resisting alloy cut the consumption to 50-60 bits 
per month——a 90°; saving in bits, in the time required 
for replacing them and in lost production—and in spite 


@ the cost of the alloy and its application, an appreci- 
able dollars and cents saving resulted. 

Where wear resistance is required, and machinability 
must be provided, the medium and high-carbon steels 


Provide a good solution. As illustrated in Fig. 9, show- 
iMg its application to crane brake wheels of various di- 
ameters, this type of material provides good wearing 
qualities on parts where moderate abrasion conditions 
@xist, and the welds are machinable to a satisfactory 
degree. 

The application of high-carbon materials illustrated 
in Figs. 10 and 11 combines both a building up and a 
hardfacing operation. The 


high-carbon — electrode 


Fig. 10) Are deposition of high-carbon alloy on a slabbing 


mill pinion gear 
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Fig. 11 Finished slabbing mill pinion gear, restored to a 
full-length new life by building up and hardfacing 


permits considerable dimensional restoration at the 
same time that it provides a good wearing surface, 
further increasing the economy of the job. 

In Fig. 12, a gas engine valve is shown being both 
restored to dimension and hardfaced for longer life. 
The stem is built up with a 0.50-0.60 carbon electrode 
which will restore its dimensions and provide suitable 
wearing characteristics. The seat of the valve, how- 
ever, is hardfaced with a high-temperature service 
material of the nonferrous cobalt-base class to provide 
impact and corrosion resistance at high temperatures, 
such as this part of the valve encounters in service. 

Such uses of two or more materials on one part are 
often the answer to an otherwise difficult hard-facing 
problem. One area of a part may very well have to 
meet different service conditions than another, and in 
such cases, only the use of different alloys will solve the 
problem. 


TECHNIQUES AND METHODS 


Naturally, the success of any hardfacing job will 
depend on the way in which the material has been ap- 
plied. Generally, a competent operator, following the 
manufacturer's recommendations as to method and 
procedure, will encounter little trouble. There are, 
howevey, a few points to keep in mind: 


Fig. 12) Depositing high-carbon alloy on the stem of a 
gas-engine valve, with a cobalt-base, heat-resistant alloy 
on the seat 
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1. Preheating. Preheat is one of the most valuable 
adjuncts on many hardfacing jobs. It helps obtain a 
good bond by loosening surface films, and it tends to 
eliminate the threats of cracking and distortion which 
may arise in many jobs 

2. Cooling. Slow cooling, particularly with pre- 
heated work, is another essential technique. Some 
materials, however, will not vield their maximum hard- 
ness unless cooled fairly quickly, and this must also be 
considered in the individual case 

3. Welding Method. Some alloys are only weldable 
by the oxyacetylene flame; some are only applied by 
the are. Most, however, may be applied as either rods 
or electrodes, and in such cases careful consideration 
should be given to the results desired, for they are not 
quite the same. Factors of cost, properties obtained 
and working requirements all enter into this question 
Generally, oxyacetylene deposits will be smoother, will 
give less dilution of allov materials and will cost slightly 
more to apply. The are is less costly, faster and pene- 
trates deeper. The flame is usually regarded as more 
suitable for demanding, critical jobs; the are, for the 
more routine work with less exacting service require- 
ments. 

Whatever methods are used, careful supervision and 
control of quality is worth while, whether in the steel 
mill or elsewhere, to assure uniformity of results and 
consistent benefits from the possible savings. Steel 
mill experience, with numerous parts which are proc- 
essed in batches and on a steady basis, has proved 
that many hardfacing jobs can be quite readily reduced 
to a standard procedure, and where this is possible, it is 


advantageous for all concerned 


ECONOMIES 


The economies obtained in specific Instances by hard- 
facing, steel-mill equipment range all the way from the 
“highly satisfactory” to downright amazing savings 
Those summarized below are only a selected few, but 
represents the kind of results obtained 

Roller guides, used in sets of six to guide bar stock to 
the rolls, costing $380 each new and having a life of a 
few days, are faced with a cobalt-base heat-and-abrasion 
resistant alloy at a cost of $10 to $12 The hardfacing 
operation can be repeated many times, so the original 
cost of the part becomes negligible over its extended life, 
which is several times that of the original unfaced part, 
totaling better than 12,000 tons of product. The sav- 
ings in these parts, as in many others, arise chiefly from 
the extended useful life, and consequent great reduction 
in shutdowns 

Side mill guides, costing about $36 new and unfaced, 
are hardfaced with a high-alloy ferrous material (ap- 
proximately 42°). total alloy, 4.597 C, 30.007, Cr, 6.0% 


Mn, 2.00% Si) at a cost for material and labor of $66 
The resulting guide is good for 60,000 tons of product, 
as against 20,000 for unfaced guides. Thus $66 spent 
for hardfacing buys as much guide life as $108 spent 
for unfaced guides, and further savings result from the 
elimination of two shut-down-and-replacement opera- 
tions 

Open-hearth charging peels, although no dollar costs 
are available, show obvious savings when faced with 
the low-alloy air-hardening material. Life increases 
of 400°;, and even 500°7, are reported by the mills using 
this procedure. The resulting reduction in mainte- 
nance, in production interruptions and in parts inventory 
is obvious 

Sintering plant pug mill blades illustrates the kind of 
saving that can be obtained on inexpensive parts 
These blades cost only 70. each Phey are hard faced 
for 15e, and the hard facing can be renewed indefinitely 
at about S¢ per operation The life of the original mild 
steel blade is about one week-—hardfacing triples it 
\ high-carbon, low-alloy material, designed lor resist- 
ance to sliding abrasion and impact, is used. In this 
case, by checking and refacing before the previous hard 
facing has worn completely off, the blades can be kept 
in use at very low cost and the mill is kept running at 
peak efficiency. 

\ shear blade, used in shearing billets from 6'/,4 to 
7* 4 in. square costs $35 as a new, heat-treated tool 
steel blade. It is hardfaced with a high-temperature 
service, cobalt base alloy at a cost of $12. The original 
blade is good for 3000 tons of product, the hardfaced 
blade for 75,000 tons— 25 times the life. Twelve dol- 
lars spent for hardfacing bought as much shear blade 
life as $875 spent for new blades, and these figures do 
not reflect savings from reduced downtime and lower 
maintenance costs on the mill 

\ top die, used in the press forging of rounds, costs 
$200 new It lasts 16-20 hi Hardfaced with low- 
alloy, air-hardening material, at a cost of $17.50, its 
life is 72 hr This is the reclamation, for $17.50, of a 
$200 part, with a new life of three times the original 
and the operation replaces the costly machining and 
heat treating of the die which by previous methods 
restored it to a life no longer than it had in the first 
place 

It is difficult-—-even impossible--to describe the 
entire field of steel mill hardfacing applications in any 
one paper The parts olf that field we have been able to 
cover, however, may give some indication of the real 
usefulness of this process where it is as intelligently and 
realistically applied as it is in the steel mills today 


Reduced costs, increased efficiency, and steadier pro- 


duction are the principal benefits which can be obtained 


in varving degrees by other industries working along 


the same lines the steel mills use 
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1949 Adams Lecture 
Fatigue of Structural Joints 


§ Advantages and disadvantages of arc welding as a means of fabri- 


cating steel structures, 


by Wilbur M. Wilson 


INTRODUCTION 


NLY a few years ago welding was not recognized 
as a means of fabricating steel structures. Fifty 
years ago, as an engineering student strolling 
through the college forge shop where a 1-in. round 

steel rod was being welded at a hand forge, the writer 
*was told that an engineer did not consider a weld as hav- 
ling any strength. Today, thousands of tons of steel are 
being fabricated by are welding every year. This 
being true, it is in order for structural engineers to 
consider whether or not their faith in are welding as a 
means of fabricating steel structures is justified. 

In discussing this subject, it is not the intention of 
the writer to either promote or discredit welding. The 
fact that fabrication of steel structures by are welding is 
practiced to a large extent is evidence that it has some 
advantages. The fact that its use is not universally 
approved would seem to indicate that, under certain 
conditions, it is considered as having some disad- 
vantages. It is the purpose of the writer to discuss the 
pros and cons of the method. 


FACTORS FAVORABLE TO FABRICATION BY 
ARC WELDING 


\s the writer sees the situation, the features which 
are responsible for the fact that fabrication by are 
welding has, to a considerable extent, replaced fabrica- 
tion by riveting are as follows: 


Greater economy of design. 

Smaller investment in equipment required. 

Greater ease of fabrication for structures of 
certain types. 


Wilbur M. Wilson is Research Prof. of Structural Engineering, Univer- 
sity of IMinois, Urbana 

Presented at the Thirtieth Annual Meeting, A.W.S., Cleveland, Ohio 
week of Oct. 17, 1949 
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importance of fatigue, design values 


4. Greater possibilities for architectural treatment. 
These features will be discussed briefly in the follow- 
ing sections. 


Greater Economy of Design 


The possibilities of a greater economy of design are 
quite apparent for tension members since the rivet holes 
reduce the effective net section of members fabricated 
by riveting. There is no corresponding reduction of 
the effective net section for members fabricated by 
welding. This reduction in net section due to rivet 
holes is seldom less than 20°% and may be scmewhat 
greater. Moreover, in addition to the reduction in the 
effective net section due to the rivet holes, members 
fabricated by riveting usually require end-connection 
details in excess of those required for the members 
fabricated by welding. These further increase the 
weight of riveted members relative to the weight of 
welded members for the same situation. It is this very 
evident saving in the quantity of steel required that is 
largely responsible for the fact that structural engineers 
designed structures to be fabricated by welding before 
all problems related to welding had been solved. The 
evident economy of material caused the fabricator and 
the customer alike to discount the possible hazards of 
the new process. 


Smaller Investment in Equipment Required 


Another feature of are welding that has hastened its 
use is the fact that the equipment required is less ex- 
pensive for are welding than it is for riveting. Where 
riveting is replaced by welding, flame cutting often 
replaces shearings as a means of cutting the steel mem- 
bers to size. Flame-cutting equipment and welding 
equipment are relatively inexpensive. Thus a small 
shop might be able to own the equipment required for 
fabrication by welding even though it could not afford 
the equipment for fabricating a riveted structure for the 
same situation. 
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Greater Ease of Fabrication for Some Structures 


Some structures, particularly pressure vessels for 
liquids and gases, can be fabricated more easily by 
welding than by riveting. The joints of riveted tanks 
containing liquids or gases under pressure must be 
caulked. This requires a large amount of both ma- 
terial and labor. And there is no assurance that leaks 
may not develop in service even though the tank was 
originally tight. In contrast with this, the joints of a 
container fabricated with butt welds will not have to 
be caulked and will require less of both labor and ma- 
terial than would be required for a riveted structure 
for the same service. Moreover, the welded container 
will be less likely to develop leaks in service than the 
riveted container. 


Greater Opportunity for Architectural Treatment 


Riveted structures are not generally noted for their 
architectural beauty. Generally, the multitude of de- 
tails obscures the architectural lines. This is_ par- 
ticularly true for structures for which the steel has no 
covering of masonry to hide the details or to emphasize 
the lines of the structure as a whole. The radial-cone 
bottom tank is illustrative of one type of structure that 
ean be developed architecturally more successfully as a 
welded than as a riveted structure 


FACTORS UNFAVORABLE TO FABRICATION 
BY ARC WELDING 


The features which are responsible for the replace- 
ment of riveting by welding, presented in the previous 
paragraphs, appear to be valid. But that is only one 
side of the story. There are also reasons why, under 
certain conditions, fabrication by welding may not be 
as satisfactory as fabrication by riveting. The writer 
believes that the welfare of the welding industry will be 
enhanced if its shortcomings are realized while the in- 
dustry is still young, in order that they may be either 
overcome or avoided. — [If this is done, the industry may 
be advanced on its merits and not be hampered by 
structural failures that might occur if the shortcomings 
of fabrication by welding were not realized 

The adverse features which the writer believes should 
be considered in judging the merits of are welding as a 
means of fabricating steel structures are as follows 


a. The possibility that some welds may be of an 
inferior quality 
b. Insufficient knowledge relative to the fatigue 
strength of welded joints 
Undesirable mechanical properties of the metal 
in the weld and in the heat-affected base metal 


d. Thermal stresses 


The Possibility of Welds of an Inferior Quality 


One feature in connection with the fabrication of 
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steel structures by are welding that is of great impor- 
tance is the quality of the weld. There have been in- 
stances in which structures fabricated by welding have 
failed in service, and inspection subsequent to failure 
revealed the fact that failure was due to an imperfect 
weld. However, it is generally accepted that a duly 
qualified welder of high integrity working under favor- 
able conditions, can consistently produce butt welds 
connecting A.S.T.M., A7 steel plates that will develop 
the full statie strength of the plates. For a member 
consisting of a butt weld connecting plates to break in 
the weld when tested statically, it would be necessary 
for the weld to be definitely faulty, as judged by the 
present standards of workmanship in the industry 

In the opinion of the writer, butt welds connecting 
plates are the one type of welded joint that can be made 
with the greatest assurance. There are other types of 
welds for which access to some points of fusion during 


the welding process is not as easy as it is for a butt weld 


connecting plates. A butt weld connecting two I- 
If welds 
of this type must be made, the difficult features of the 


beams end to end is an example of the latter 


weld should be matched by greater ingenuity and supe- 
rior skill on the part of the operator, and by thorough- 
ness of inspection But a better plan is for the de- 
signer to avoid such welds by planning the structure so 
that it will not be necessary to use types of welds for 
which perfect execution is difficult. This is true even if 
the weld is subjected to only static loads, and it is 
doubly true if the weld is subjected to shock or to re- 


peated or reversed stresses 


FATIGUE STRENGTH OF JOINTS 


Insufficient Knowledge Relative to the Fatigue 
Strength of Welded Joints 


Although the probability of a static failure of a welded 
joint can be eliminated by enlightened design, skillful 
workmanship, the use of good equipment and materials 
and working under favorable conditions, the possibil- 
ities of a fatigue failure should be a matter of real 
concern to the designers and welders of all structures 
subjected to moving loads which produce repetitions or 
reversals of stress 

The possibility of a member failing in fatigue applies 
to structures fabricated by riveting as well as to struc- 
When the results of the 


writer's first fatigue tests of riveted joints were pub- 


tures fabricated by welding 


lished,' the opinion was expressed by members of the 
profession that the tests did not represent field condi- 
tions or there would have been fatigue failures in the 
members of the older bridges in service. The fact 
overlooked in coming to this conclusion was that the 
time had not vet arrived when fatigue cracks were due 
to develop in the bridge members \ member that 
might fail in fatigue at 2,000,000 cycles may not show 
any evidence whatsoever of an impending fatigue failure 
at 100,000 cycles, 500,000 cycles or even at 1,000,000 
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eyeles. Fatigue is an old age disease. For an engi- 
neer to say that a bridge member will not fail in fatigue 
after 75 years because no fatigue cracks have been dis- 
covered after 20 years of service, is equivalent to a 
twenty-year-old boy boasting that he will never have 
rheumatism because he never has had it. With the 
bridge as with the boy, the time for the crippling effect 
of age has not yet come. 

In a paper presented before the Western Society of 
Engineers entitled, “Fatigue a Factor in Structural 
Design,’’? the writer enumerated the conditions most 
likely to result in a fatigue failure, and then enumerated 
the members of a riveted railroad bridge most likely 
to fail in service. Shortly after this paper was pub- 
lished, the Engineer of Bridges of one of our large rail- 
way systems called the writer on the long-distance 
phone and said, “I have read your paper, Fatigue a 
Factor in Structural Design. 
railroad bridge you say are most likely to fail in fatigue. 


I note what members of a 


I have had those members inspected for some of our 
bridges and find that some of them contain fatigue 
cracks.” 

Since that time, bridge inspectors have had a special 
search for fatigue cracks added to their other tasks, 
and in this inspection they have benefited by our grow- 
ing knowledge of the conditions under which the for- 
mation of fatigue cracks is most likely to occur. As a 
result, some 400 fatigue cracks have been discovered in 
the steel members of our riveted railway bridges in 
service. And, thanks to the more intelligent inspection 
that has resulted from our increased knowledge, these 
cracks have been discovered early enough to prevent the 
loss of life, and, with a few exceptions, early enough so 
that repairs could be made at a relatively small cost. 

Bridge engineers did not realize that some of the 
riveted bridges which they were building were sus- 
ceptible to fatigue failure until they had accumulated a 
supply of bridges that represented the results of some 50 
years of construction. They now face the necessity of 
keeping these bridges in service, even though some of 
the members are deficient. in their ability to resist fa- 
tigue. It is because he desires to prevent the engineers 
of 1980 and 1990 from having to face a similar situation 
with respect to welded bridges now being built, and 
which may be deficient in their resistance to fatigue, 
that the writer has devoted such a large part of this 
paper to the problem of fatigue in connection with the 
design and construction of welded bridges. 

The factors which have the greatest influence on the 
fatigue strength of a steel structural member are: 

a. The number of repetitions of a stress cycle of 
near Maximum stress to which the member will 
be subjected during its life. 

The ratio of the minimum to the maximum stress 
in the stress cycle. 


ce. The character of the stress-raiser. 


These factors are discussed in the following sections. 
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a. The Number of Repetitions of a Stress Cycle 
to Which the Member Will Be Subjected 


A member that is intact after 100,000 repetitions of a 
stress cycle may fail at 2,000,000 repetitions of the same 
stress cycle. Tests show that for a given member and 


for the same ratio of minimum to maximum stress in 
the stress cycle, the fatigue strength corresponding to 
failure at 2,000,000 cycles is approximately */; as great 
as the fatigue strength corresponding to failure at 
100,000 cycles. That is, speaking approximately, 
F’2,.00,009 = 2/3 Of F'100.000 Where, for a given member and a 
given cycle, F's000,00 is the fatigue strength correspond- 
ing to failure at 2,000,000 cycles and F joo,000 is the fatigue 
strength corresponding to failure at 100,000 cycles. 

The fact that a certain member of a railroad bridge 
is intact after 10, 20 or 30 years of service is no evidence 
whatsoever that it will be intact after 50 or 75 vears 
of service. The Interstate Commerce Commission, in 
evaluating railroad bridges, uses a life expectancy of 75 
years. Riveted railroad bridges that are now develop- 
ing fatigue cracks are 30, 40 or 50 years old. There is 
not a single welded bridge that has been in service long 
enough for its record of no fatigue cracks to be of any 
value whatsoever as evidence that its fatigue properties 
are adequate. Of course, if fatigue cracks have de- 
veloped, that fact is incontrovertible evidence that its 
fatigue properties are wholly inadequate. 


b. Ratio of the Minimum to the Maximum 
Stress in the Stress Cycle 


The number of repetitions of a cycle of a specified 
maximum stress necessary to produce a fatigue crack 
in a given member depends on the ratio of the minimum 
to the maximum stress in the cycle. A eycle in which 
the stress varies from compression to an equal tension 
is much more destructive than a eyele in which the 
And the latter is 
more destructive than a cycle in which the stress varies 


stress varies from zero to a tension. 


from a maximum tension to a smaller tension. 


ec. The Character of the Stress Raiser 


Any geometrical irregularity in a member, a hole, 
notch or change in section, is a stress raiser. A severe 
stress raiser at any section of a tension member sub- 
ject to an axial load may cause a highly localized stress 
on the section at the stress raiser as much as two or three 
times the average unit stress on the same section. That 
is, the highly localized maximum unit stress on a ten- 
sion member of a bridge may be more than twice as 
great as the total load divided by the net area of the 
section of the member, the stress usually used in de- 
signing for static loading. Under static loading, the 
plastic deformation of structural steel that occurs when 
the vield-point stress at the edge of the stress raiser is 
reached, causes a redistribution of the stress. Under 
repeated loading, the highly localized stress at the 
stress raiser will not be redistributed by plastic flow, 
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but, under many repetitions, may cause an incipient 
crack to form which is an even more severe stress raiser 
than the one that started the crack. With additional 
repetitions of the load, the propagation of the fatigue 
crack is accelerated and failure will eventually occur 
It is known that the unit fatigue strength for a strue- 


tural member with a severe stress raiser may be very 


much less than the allowable unit static stress for the 
material from which the member is fabricated 

The above discussion has been limited to a considera- 
tion of the effect of primary stresses upon the static 
and fatigue strength of the members of a structure 
Although the writer has no information relative to the 
extent to which primary and secondary stresses are 
additive in their tendency to develop a fatigue failure, 
he believes they are additive to a considerable degree 

According to the American Railway Engineering 
Association Specifications for Steel Railway Bridges, 
paragraph 1608, secondary stresses up to 5600 psi 
tension and up to 4200 psi. compression may be ignored 
This may be justifiable in designing for static strength 
but, in the opinion of the writer, it remains to be 
proved that it is justifiable in determining the fatigue 
strength, especially in members connected with welded 
joints. 

In the opinion of the writer, one ef the important 
research problems in structural engineering that re- 


mains to be solved is the influence of secondary stresses 
on the fatigue strength of structural members and 
joints subjected to both primary and secondary stresses. 
Further, he believes that there is a possibility that this 
problem is more vital for structures fabricated by weld- 
ing than it is for structures fabricated by riveting. 


Present Knowledge Relative to the Fatigue 
Strength of Structural Members 


Space will not permit the inclusion of a comprehen- 
sive statement relative to the fatigue strength of various 
types of steel structural members. Instead, the fatigue 
strength of a few typical members will be given. These 
will be supplemented by references to reports of fatigue 
tests of both riveted and welded structural members to 
which the reader is referred. 

Generally, the writer, in making fatigue tests of 
structural members, determined the value of both 
F ANd F's 900.000 the fatigue strength corresponding 
to failure at 100,000 cycles and at 2,000,000 cycles, 
respectively. The fatigue strength was determined 
for the cyeles, 0 to tension, and tension to an equal 
compression, The values for the riveted members are 
based on the net section of the connected parts; the 
values for the welded members are based on the gross 
section of the connected parts 


Table 1—Fatigue Strength of Various Types of Structural Members 


T ype of specimen Cucle 


Double-strap riveted 
butt joint 


0 to tension 


Double-strap riveted 
butt joint 

Double-strap riveted 
butt joint 

Plates without welds 


0 to tension 

Tension to equal 
compression 

Tension to equal 

compression 

Plates without welds 

Butt weld connecting 
plate 

Butt weld connecting 
plates 

Fillet welds connect- 
ing plates 

Fillet welds connect- 
ing plates 

Fillet welds connect- 
ing plates 

tolled I-beams in 
flexure 

tolled 


flexure 


0 to tension 

0 to tension 

Tension to equal 
COTMpPression 

Tension to equal 
compression 

Te nsion to equal 
compression 

0 to tension 


0 to tension 


]-beams in 
Full length 
plates at- 
tached with con- 
tinuous fillet welds 

tolled 
flexure 


0 to tension 


cover 


I-beams in 0 t 
Full length 

plates at- 

tached with inter- 

mittent fillet welds 
tolled = I-bearms in 0 to tension 
flexure Partial 

length cover plates 

attached with inter- 

mittent fillet welds 


tension 


cover 


Fatique 
Number of strength 
cycles for of net section Reference No 
failure psi Bull Page 
2,000,000 25,700 to 29,.900* 
2,000,000 800 to 26,700T 02 s4 
2,000,000 
2,000,000 7,100 


2,000,000 31,600 
2,000,000 22,500 


2,000,000 100 
2,000,000 

100,000 5,200 
2,000,000 700 
2,000,000 31,200 


2,000,000 22,800 


2,000,000 


2,000,000 


23,200 to 19,800 psi., based on gross area of plate 
20,000 to 18,400 psi., based on gross area of plate 
12,800 psi., based on gross area of plate 
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The fatigue strengths for several types of structural 
members are given in Table 1. As shown in this table, 
the fatigue strength corresponding to failure at 2,- 
000,000 repetitions of a cycle in which the stress varied 
from a tension to an equal compression, had the follow- 
ing values for various kinds of members: 10,700 psi. 
for plates connected with fillet welds, 14,400 psi. for 
plates connected with butt welds with reinforcement 
on, 19,700 psi.* of net section for plates connected 
with double-strap riveted butt joints, and 17,100 psi. 
for plates without welds. 

The fatigue strength corresponding to failure at 
2,000,000 repetitions of a cycle in which the stress 
varied from 0 to a maximum tension has the following 
values for various kinds of members: 19,700 psi. for 
plates connected wich fillet welds, 22,500 psi. for plates 
connected with butt welds, 26,500 psi.t of net section 
for plates connected with double-strap riveted butt 
joints, and 31,600 psi. for plates without joints. 

Table 2 gives references to University of Illinois 
‘Engineering Experiment Station Bulletins which con- 
‘tain the results of a large number of fatigue tests of 
structural members. 

An engineer designing structural members subjected 
‘to repeated and reversed stresses is handicapped by the 
fact that a knowledge of the fatigue strength of a pro- 
posed member may not be available. It is very diffi- 


* The corresponding value based on the gross section of the plates is 13.600 

t The average of four series 
Bection 


The corresponding value based on the gross 


A 


hig. 1) Bracket for crane girder 
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Table 2—University of Hlinois Engineering Experiment 
Station Bulletins Containing the Results of Fatigue Tests 
of Structural Members 
Bulletin 

No. Title 
302 Fatigue tests of riveted joints 1938 
310 Fatigue tests of butt welds in struc- 
tural steel plates 1938 
317 Fatigue tests of connection angles 1939 
327 Fatigue tests of welded joints in struc- 
tural plates 1941 
Fatigue tests of commercial butt welds 
in structural steel plates 1943 
Fatigue strength of fillet-weld and 
plug-weld connections in stee! strue- 
tural members 1944 
Rate of propagation of fatigue cracks 
in 12- by */-in. steel plates with 
severe geometrical stress raisers 1947 
Flexural fatigue strength of steel 
beams 1948 
Fatigue strength of fillet-weld, plug- 
weld and slot-weld joints connecting 
steel structural members 1949 
The fatigue strength of various details 
used for the repair of bridge mem- 
bers 1949 (in press) 
The fatigue strength of various types 
of butt welds connecting steel plates 1949 (in press 


cult to estimate the fatigue strength of one type of 
member from the fatigue strength of another type of 
member. Nevertheless, an engineer is often called 
upon to use a type of member for which the fatigue 
strength is unknown. As an illustration of this situa- 
tion, a column bracket of the type shown in Fig. | is 
sometimes used to support crane girders in mill build- 
ings. To the writer, the re-entrant angle where the 
top horizontal flange of the bracket is welded to the 
vertical flange of the column looks like a bad stress 
raiser. For a busy shop, the column brackets which 
support crane girders are subjected to several millions 
of repetitions of load in a resonable life of the building 
Because the suggested bracket appeared weak in fa- 
tigue, the writer had fatigue tests made of specimens 
incorporating the pertinent details of this crane-girder 
bracket. These specimens were tested on a cycle in 
which the stress in the top flange of the bracket where 
it is welded to the vertical flange of the column, varied 
from 1000 psi. to 24,000 psi. tension. 
at A where the weld connects the horizontal top flange 
of the bracket to the vertical flange of the column. 
Failure occurred at 57,300 cycles for one specimen and 
at 108,100 cycles for a second specimen. 


Failure occurred 


In the opinion of the writer, the fatigue strength of 
the detail shown in Fig. 1 is low, and the construction is 
unsuitable for a situation where there are a large num- 
ber of repeated or reversed-load cycles of stress during 
the life of the structure. 

An engineer designing structural members subject to 
repeated or reversed loads should develop a sense which 
will enable him to recognize situations where fatigue 
failures are likely to occur. Moreover, he should have a 
fairly accurate knowledge of the fatigue strength of the 
particular design he proposes to use. This knowledge 
can come only from tests. 
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Strength of Plates Connected with Longitudinal were 16,100 and 22,200 psi., respectively. Each of the 
Butt Welds above values is the average from two tests. The cor- 


responding values for a plate without weld but with the 
mill seale on were 17,100 and 27,000 psi., respectively.* 
Apparently the longitudinal butt weld reduced the 
fatigue strength somewhat, even though the specimen 


Two of the features incidental to welding that are 
sometimes considered to be detrimental are: (1) The 
undesirable mechanical properties of the metal in the 
weld and in the heat-affected base metal, and (2) the 


was stress relieved and the reinforcement was machined 
thermal stresses. It is practically impossible to sepa- 


: , . off. However, the reduction was quite small. If the 
rate the influences of these two factors. Instead, tests nee Sat 
reinforcement had not been removed, the fatigue 
were made which, it was hoped, would give some indi- : 

: strength would have been considerably less than for the 
cation of their combined effect. These tests, made on 

‘ he ; ' specimens with the reinforcement off because of the 

specimens consisting of plates connected with a longi- 
e tudinal butt weld, are described in this and the follow- 


ing sections. 


stress-raising effect of the ripples in the weld. 


Static Strength of Plates Connected with Longi- 


Fatigue tests were made on 8 specimens consisting of 
S tudinal Butt Welds 


5-in. x 7/s-in. plates, each with a longitudinal butt weld 


on the center line. The surfaces of all specimens were Static tests were made of specimens 5 in. wide and 
planed and draw-filed, processes that removed the mill 7/< in. thick, consisting of two plates connected with a 
scale and the weld reinforcement. Four specimens longitudinal butt weld. The results of the tests are 
were stress relieved by loading in tension to the yield shown in Table 3. Two specimens, Nos. 3 and 6, each 
point. The remaining four were tested without being had a Jongitudinal butt weld on the center line. Speci- 
stress relieved. All were tested on a cycle, tension to men © was a plate without a weld. All plates were 
an equal compression. The values of F'2,000,09 and cut from the same parent plate 

Fo. Were 15,100 and 20,500 psi., respectively, for Statice tests of smilar specimens, 12 in. wide and °/s 
the specimens that had not been stress relieved. The in. thick having a longitudinal butt weld on the center 


corresponding values for the stress-relieved specimens line, are reported in Table 4 


Table 3—Static Strength of 5- by «-In. Plates with a Table 4—-Static Strength of 12- by ° .-In. Plates with a 
Longitudinal Butt Weld on the Center Line* Longitudinal Butt Weld on the Center Line* 


Yield Ultimate Elongation Reduction Yield Ultimate Elongation Reduction 

Specimen point, strength, n 8 in., of area, point strengt n & in.. of Area, 

Vo psi ps Specimen No psi ps 

Average of Average of 

four coupon two coupon 
specimens 33,500 63,840 952 260 specimens 36.320 68.210 28 3 184 

0 31,600 65,470 33.4 36.2 0 37,400 67,200 38.3 34.6 

3 38,000 67,700 17.3 21.8 l 38.800 70.000 27 3 26.7 

6 38,400 67,020 17.4 21.0 3 39,800 69,000 27.0 26.1 


lil., Engrg. Exp. Sta., Bull. 361, p. 32 * Univ, Il!., Engrg. Exp. Sta., Bull. 361, p. 39 


Table 5—Static Strength of 40- by -In. Plates with a Longitudinal Butt Weld on the Center Line”® 


Elonqatior 
Varimun Reduc 


On ” ny fron 


ate 


No Description of specimen point strengt} iF th length 

Al) $1,000 58400 27 54.5 

42 Plate without weld $1,000 61,000 27 43.2 
Ay 31,000 59.750 ai 51 6 

Bly Unionmelt weld in as-welded $3,000 59,500 24.5 12.1 44 

Be f condition 41.000 56,500 251 17 0 


58.000 
$4,000 60,900 


Cl) Manual weld in as-welded 3° OM) 60.700 242 7 9 ” 5 
C2 ondition 
60,800 24 
3,000 61,800 21.7 1 26.5 
nionmelt wel reated 33.000 SOO y | 14.8 0 


60.800 


) 33,000 62,600 23.0 
25 Manual weld treated 3,000 56,500 6.9 8.2 


59,550 


* Univ. [l., Engrg. Erp. Sta., Bull. 361, p. 53 


+ Measured on a 77-in. gage length and adjusted to the equivalent value for a 72-in. gage length by the use of the diagram of Fig. 33, 
Bull. 361 
t Measured on an 1 1-in. gage length and adjusted to the equivalent value for an 8-in. gage length by the use of the diagram of Fig. 33, 


Bull. 361. 
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27 
24 5 , 
I 7.2 
Av. 53,000 15.0 21.8 18 4 


Static tests of similar specimens, 40 in. wide and 
*/, in. thick having a longitudinal butt weld on the 
center line, are reported in Table 5. 

The following statements are based upon the results 
of the three series of static tests reported in these 
tables. 

1. The longitudinal welds had no significant effect 
on the static strength of the plates, the average unit 
strength of the specimens with welds being practically 
the same as for similar plates without welds. 

2. The elongation after fracture was nearly as great 
for the specimens with longitudinal welds as it was for 
similar plates without welds. 

In view of the statements in paragraphs 1 and 2 
above, it would seem that a properly made longitudinal 
butt weld connecting two plates does not appreciably 
affect their static strength. However, the tests re- 
ported in Section 8 indicate that a longitudinal butt 
weld, even though the reinforcement is machined off, 
reduces the fatigue strength somewhat. This may be 
due to the fact that the mechanical properties of the 
weld metal and of heat-affected base metal are not the 
same as for the unaffected base metal. Or it may be 
due to slight imperfections in the weld. 


SUMMARY 


In the opinion of the writer, the situation with re- 
spect to the use of arc welding as a means of fabricating 
steel structures may be summarized as follows: 

I. Factors Favorable to the Use of Welding as a 
Means of Fabricating Steel Structures. 


1. Greater economy of design. 

2. Smaller investment required for equipment. 

3. Greater ease of fabrication for some structures. 

$. Greater possibilities for architectural treatment. 

Il. Factors Unfavorable to the Use of Welding as a 
Means of Fabricating Steel Structures. 

There are three possibilities whereby welding as a 


means of fabricating steel structures might be a source 
of weakness. They are as follows: 

a. The possibility of welds of an inferior quality. 

b. Undesirable properties of the metal in the weld 

and in the heat-affected base metal. 

c. Thermal stresses. 

All of these are possible sources of weakness. How- 
ever, it is believed that they can be entirely eliminated 
or else reduced to the point where they are not serious, 
and by the following means. 

1. Proper design. 

2. Proper welding procedure. 

3. Skilled workmen working under favorable condi- 

tions. 

4. Proper supervision and inspection. 

The writer has devoted considerable space to a dis- 
cussion of the possibilities of a fatigue failure in welded 
structural members. This is justified by the impor- 
tance of the subject. 
realized that relatively few structural members are 
subjected to conditions which promote fatigue cracks. 


However, the fact should be 


The following three conditions are conducive to the 
fatigue failure of a structural member. 

a. A large number of repetitions of a stress cycle of 

near maximum stress. 

b. A wide range in stress during a stress cycle. 

c. A severe stress raiser in the member. 

If all three of these conditions exist in a member, its 
life will be short unless the design stress is correspond- 
ingly low. 
the possibilities of a fatigue failure should be carefully 
If only one of these conditions exist in a 


If two of the conditions exist in a member, 


considered. 
member, the possibility of a fatigue failure is so small as 
to be negligible. 


References 


1. Univ. Engrg. Exp. Sta., Bull. 302. 
2. Ini. Western Soc. Engrs. (June 1944 
3 Unie. Eng. Exp. Sta., 327, ». 23. 


The German Heating Electrode 


N ELECTRODE has been developed in Germany * 
that is similar to the customary covered electrode 
Hi for are welding, but that deposits practically no weld 

metal. The electrode deposits a slag that is readily 
removed The heat evolved by the electrode is used 
for local preheating and postheating in welding opera- 
tions, The coating is basie (MgO), and if the are is 
sufficiently long no weld metal is deposited. 


* Schottky. H.. and Muller, F. H Die Warmelektrode, cin neues Hilfs 
mittel gur Oorthchen armebehandlung und Erwarmung published 
Schweiasen und Schneiden 31, (5), 78 81 (May 1949) and note | I 


Bischof in the same publication, Aug. 194%, p. 134 
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As an example, the Krupp heating electrode utilizes 
a core rod 4 mm. (°/9 in.) diameter with a coating, 7 
mm. (' in.) diameter. It is welded, or rather slagged. 
at 200-amp. straight polarity. The core rod analyzes 
C, 0.05°% Si, Mn, 0.027°7 P, 0.02207 8 
The coating analyzes 3.20, CaO, 60497, MgO, 12.60; 
SiOs, FeO, 1.005 MnO, trace TiQs, 0.507, AlLOs. 
5.92% FeOr, 2.5% CO», 2.8°% HO, 7.7% (Naz O + 
K,O), and 0.3380, POs. The slag contains 1.42°; 
CaO, 52.05°> MgO, 13.0°7 28.15 FeO, 3.03% 
MnQ), trace TiOs, 0.42% and 
0.25°% P2Os. The small amount of metal that some- 
times may be deposited by the electrode contains 0.02; 
C, 0.05% 0.0557 Mn, 0.0206) P and 0.021% 8. 
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The Homopolar Generator for Resistance Welding 


» This type of generator has been developed so that it is an economical, 
efficient and reliable stored-energy system for spot-welding applications 


by Thomas J. Crawford 


INCE the earlier paper presented at Chicago in 
1947 by the writer,* continued development and 
study of the homopolar generator system has been 
in progress. Revised designs have been proposed 


and built with a view to achieving the utmost in econ- 


omy of construction together with consistent, reliable 


welding performance second to none in weld quality 

To a considerable degree these aims have been 
achieved. Equipment is now commercially available 
using this system. It is capable of welding perform- 
ance excelled by none of its competitors, and it is 
priced economically compared to the other stored- 
energy systems of comparable welding capacity albeit 
considerably less flexibility 

This vear, after two vears of actual prototype operat- 
ing experience, this svstem was released for commercial 
ust 

The original system as displayed and described at the 
1947 Annual Meeting remains basically unchanged 
Its basic elements consist of a homopolar generator, a 
flywheel, carbon-pile contactor and a_ three-phase 
induction motor drive. 

Size of the generator has been reduced by increasing 
the speed and by using welded instead of cast-field 
frames. It has been made small enough to mount 
directly in a Size 2 press welder frame as shown in 
Figs. 1 and 2 

It has been found that increasing collector ring 
velocities beyond those previously employed requires 
different composition of brush materials if reasonable 
brush pressures are to be employed. This change is in 
the direction of higher metallic contents and fortunately 
this also gives a brush of higher electrical and thermal 
conductivity These discoveries make practical the 
present collector ring velocities of about 10,000 fpm 
and peak current densities of around 1000 amp. pet 
square inch of brush contact area, without excessive 


brush or ring 
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Development of improved brush and collector ring 
materials is continuing and still further improvement 
in current capacity at high rubbing velocities may be 
hoped for in the future. The current density on the 
present brushes may be increased by increasing the 
brush pressure. Unhappily, the friction losses and 
stand-by brush wear increase with higher pressures 
In order to minimize this effect, experimental work is 
now being conducted with air-pressurized brush holders 
piped to the head pressure valve on the welder so that 
brush pressure is applied only when head pressure is 
applied to the welder and the resultant low-duty cycle 
of brush pressure application effects a corresponding 
reduction in friction losses and brush wear. Easier 
generator starting results. This is important because 
line starting with the heavy flywheel imposes severe 
duty on the motor. Reducing brush friction at starting 
offers a definite gain in this regard 

Throughout this development the aim has been to 
provide brush life of several thousand hours-—roughly a 
vear’s normal service-—and the presently achieved life 
period is now ordinarily at a value comparable to the 
life expected from electronic tubes in a.-c. control 
equipment 

It has been apparent from the first that one of the 
principal applications for this equipment would be in the 
field of aluminiim alloy spot welding. Early experi- 
ment showed that the system was basically consistent 
enough to qualify for aircraft welding under AN-W-30 
Specifications, but, in one respect, tip pick-up, if 
resembled the condenser-stored-energy welders of the 
constant polarity type in that one electrode showed 
pick-up more readily than the other and this pick-up 
developed rather rapidly for best production practice 

Designing the welder for fast follow-up made a 
reasonable improvement in pick-up, but another expedi- 
ent was adapted which gave this system the sume free- 
dom from pick-up enjoved by the low Trequency con- 
verter types of welders and by the 60-cycle types using 
controlled rate of weld current rise (so-called “slope 
control” 

Karly work with the carbon-pile contactor on battery 
welders showed that the rate of current rise was largely 
dependent upon the rate of rise of air pressure in the 


contactor eylinder since the carbon disks, at reduced 
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Fig. I 
frame (42-in. throat 

unit pressure, acted as a series resistor holding down 
the welding current until the pressure built up. The 
battery welders had generally enough inductance in the 
relatively long welding circuit busses to hold down the 
rate of current rise reasonably well so that, even with 
rapid contactor closure, the tip pick-up was not exces- 

The shorter leads and lower resulting inductance in 
the generator system, however, permitted a rate of rise 
comparable to straight 60-evcle operation and similar 
tip pick-up resulted when rapid pressure build-up in 
the contactor was used. To avoid this condition, a 
simple arrangement of an additional air-regulator and 
a by-pass throttling valve in the contactor air supply 
system gives adequate and very flexible control of the 
rate of current rise and markedly reduces tip pick-up. 

The main air regulator normally supplies air to the 
contactor evlinder at 80 to 85 psi. pressure for the full 
pressure portion of the contactor closure cycle. The 
added regulator, in series with the main one, is set for 
some lower pressure, say 30 psi., sufficient to close the 
contactor without reducing its resistance to a minimum 
\ throttling valve by-passing this secondary regulator 
allows the low air pressure immediately available 
through this regulator to build up relatively slowly to 
the maximum pressure determined by the main regula- 
tor. As this pressure builds up, the contactor resist- 
ance decreases, permitting the welding current to rise 
concurrently to its peak value, 
Figure 3 is an oscillogram of welding current taken 
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Homopolar generator in Size 2 press spot-welder 


Fig. 2 Homopolar generator incorporated in welder. 
Covers removed; 20-hp. motor drive; maximum welding 
current: 36,000 amp.; maximum force: 4200 Ib. 


while welding 0.081 in. 24 ST Alclad using the original 
arrangement with immediate full air pressure on the 
contactor. Here the current rises in less than a cycle 
(on a 60 eps. basis) to nearly full value. The peaks on 
the rising wave front are probably due to the impacts on 
the carbon disks as the pairs of disks connected in par- 
allel close in succession. The momentary high pressure 
on the carbon disks due to impact momentarily reduces 
their contact resistance. The gradual rise in current 
over the latter part of the weld time is probably due to 
heating of the disks and a reduction of their internal 
resistance due to their negative temperature coefficient 
of resistance. 

Figure 4 shows an oscillogram of «a similar weld eyele 
using the newer system of delayed pressure build-up in 
the contactor. Generator terminal voltage is also 
shown in this oscillogram. The generator used here 
was of the latest design with sufficient series compound- 
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Fig. 3) Oscillogram with rapid contactor closure 
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Oscillogram with slow contactor closure 


ing, so that the load voltage held quite constant despite 


the fact that the speed dropped about 5°; during the 
weld as the flywheel gave up energy at a rate of about 
160 kw. 


could be repeated at 


With a 20 hp.-driving motor, this weld cycle 
au rate of ten times per minute 
continuously without exceeding the rated motor current 
(The 


The open-circuit 


or dropping below its rated speed of 3200 rpm 
machine idled at about 3450 rpm. 
voltage, after completing the weld, showed a drop in the 


oscillogram of about 4 or 5°7. This weld was started 


with the generator idling. Two or three welds at a 
10-weld-per-minute rate are required to slow it enough 
to load the particular motor employed to its rated 
values. 

Obviously, if this machine is used for such weld eyecles 
under conditions where the demand, due to working a 
group of welds rapidly, slows the machine enough to 
temporarily overload the motor (this is thermally per- 
missible for both motor and generator), the generator 
voltage in the absence of any compensating influence 
will decline as much as 15°; from its original setting, 
producing a corresponding drop in weld current 

To overcome this tendency a simple voltage control 


has been developed. This employs a small electro- 


magnetic regulator of the multifinger-rheostat type 


to control the output of the exciter. This regulator is 


ta 
WELDER IMPEDANCE — MiCcCROHMS 
‘ig. 5 Relation of welder impedance to output current 


~ OUTPUT CURRENT-KILOAMPERES 


sures without expulsion. No very elaborate tests were 
made to demonstrate this, in view of contemporary 
work with the analogous “‘slope-control’” for a.-c 
welders However, comparative welds were made on 
0.081 in., 24 ST 
Progressive Size 2 press spot welder of 42-in 


depth 


welding, has a 


Alelad material, wire-brushed, on a 
throat 
This machine of a type designed for aluminum 
alloy roller 


lightweight) aluminum 


mounted head and spring follow-up. A nonsynechro- 
nous timer with forge pressure delay was employed 

With a wave form similar to that of Fig. 3, eight or ten 
welds produced noticeable tip pick-up. Class I tips 
with 6 in. radius were used. Weld force below 875 Ib 
produced frequent expulsion 

Using the gradual rise of Fig. 4, more than 50 welds 
could be made before tip pick-up became evident. The 
weld force was reduced to 750 Ib. without expulsion 
Weld time was 26 cycles, forge pressure of 4200 Ib. was 
delayed 16 cycles from start of weld 

With this latter setup a test group of 36 welds was 
made without cleaning tips. ‘The samples were X-rayed 
by Detroit 


visible cracks or porosity 


Testing Laboratories who reported no 
Three of the welds were 
sectioned and all showed 60 to 65°, nugget penetration 


Tensile shear tests showed an average of 1644 Ib. for the 


blocked during weld interval but 
operates between welds to correct the T T T T T “TT 
excitation so as to hold the genera 44h 
tor voltage constant in spite of vary- | L\/ AA 
ing speed. Of course, this control 
cannot function if the generator is 9 y } 
+ 
set for full voltage at idle speed, but 
critical welding requiring precise vol- LtALAL Ft 
tage control is ordinarily not per- = LLL 
formed bevond 85 or 90°, of maxi- / 
mum machine capacity In this re- 
gard, the limitation is similar to that A 
encountered with electronic current = jah | 
or voltage compensation on a.-¢ 2 Ze 
welders 
4 + + + + 4 
The more gradual slope of the 
$ vives a definite improvement in OPEN C/RCUIT VOLTS 
j » tions and ‘rmits 
up kuy conditio Fig. 6 Welding current characteristics, Model Il Homopolar generator with 


consistent welding at lower 


pres- 
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42-in. press spot welder (R.W.M. 14. Size 2) 
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remaining 33 specimens with a minimum of 1505 lb. 
and a maximum of 1785 |b. Statistically, shear tests 
for the group showed a standard deviation of 56.6 Ib., 
equivalent to a coefficient of deviation of 3.44°7. These 
values indicate highly satisfactory consistency. 

Welds in the test group were made at a rate of 10 
welds per minute, starting with the generator at idle 
speed of 3450 rpm. and ending with it at a speed of 
3150-3200 rpm (approximately full-load speed of 
Automatic voltage regulation was nol em- 
ployed which makes the observed consistency all the 


motor). 


more notable. 

A study of some of the electrical characteristics of the 
complete welder described above has been made. 

A series of short-circuit tests made on the generator- 
contactor-welder combination brought out the interest- 
ing fact that the impedance of this welder system up to 
the electrodes was not constant as one would ordinarily 
expect. This impedance actually varies inversely as a 
funetion of current; this is due, no doubt, to negative 
resistance characteristics of the contactor and the 
brush contacts. Figure 5 shows graphically how this 
impedance varies with the peak output current. 

By calculation from Fig. 5, we can construct the char- 
acteristic curves of Fig. 6 for the welder and work, show- 
ing the weld current obtainable with various work 
resistances as open-circuit voltage is varied. 

Plotting similar data as arranged in Fig. 7, we obtain 
the regulation curves for the welder combination oper- 
ated at various voltages showing how welding current 
varies with work resistance. The broken line shows a 
similar curve for a similar machine with a 75-kva., 
60-cycle, single-phase transformer having a secondary 
voltage of 7.58 v. induced. 


Some interesting comparisons can be drawn between 
the two types of machines on the basis of these curves 
One of the chief causes of spot-weld inconsistency is 
known to be variation of work resistance. 

As an example, if we consider welding in the stainless 
steel range, at point A with the generator at 5 v. the 
current is 19,750 amp., the resistance 80 microhms 
which indicates 31,200 w. energy delivered to the weld. 
If the work resistance increases, due to surface con- 
ditions, low pressure or other reasons, to 110 microhms, 
the corresponding current will be reduced to 17,200 
amp. and the energy will be 32,600 w. or an increase of 
4.6% in heat. Comparably with the a.-c. machine 
operated at 7.48 v. at point C, the original current will 
be 24,000 amp. and the energy level 46,100 w. Again 
increasing the work resistance to 110 microhms, we find 
the energy level with 22,950 amp. to be 58,000 w 
or an increase of 25.89% in heat. Expulsion would be 
much more liable to occur in this case with the a.-c 
machine. 

Similarly in the carbon-steel range, the energy level 
change from E to F is 11.1°%, while that from G to H 
on the curve for the a.-c. machine is 36.80%. 

The conclusion can well be drawn that this type of 
welder with its peculiar electrical characteristics has 
inherent advantages over the more conventional ma- 
chines in so far as weld consistency is concerned. 

Actual experiment with spot welds on aluminum and 
with projection welds on steel has repeatedly confirmed 
this fact. 

From the economic point of view, increase in speed 
and corresponding reduction in size and weight has 
resulted in a machine whose cost is appreciably below 
that of capacitor stored-energy equipment and = ap- 
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hig. 7 Regulation curves of Model Il Homopolar generator with 42-in. throat press spot welder (R.W.M.A. Size 2) 
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proaching that of three-phase, frequency-changer 
equipment of comparable capacity. This latter, of 
course, not using energy storage, requires a much higher 
welding power line demand. 

It has been proved quite practical to use one genera- 
tor to power several gun welders welding stock of the 
thicknesses encountered in automotive work. Power- 
ing such a generator with a gasoline engine is quite 
feasible. 

Tentative designs have been made for an engine- 


driven generator to power a portable flash welder for 
field use providing maximum currents over 150,000 
amp. and such designs appear very practical. Com- 
parable equipment for military use is contemplated, as 
well as for a number of industrial applications 
Continually increasing evidence indicates that this 
system is one whose usefulness will continue to increase 


as demands for resistance welding of all kinds in areas 


of inadequate power supply are encountered 
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ELDING METALLURGY—Iron and Steel 


The Society has revised the Welding Metallurgy book originally published 
in 1940. The book has been brought up to date anda wealth of new material 
added. This book is being reproduced serially in The Welding Journal. 
Copies in attractive imitation leather covers are available at $2.50 


by O. H. Henry, G. E. Claussen and G. E. Linnert 


Chapter 7 


EFFECTS OF ALLOYING 
ELEMENTS 


Seldom do we find that a metal about to be welded is 
a pure or elemental metal. This uncommonness of pure 
metals is simply a result of our learning that the proper- 
ties of useful metals like aluminum, copper, iron, and so 
forth can be markedly improved by the addition of other 
elements. Therefore, the majority of materials which we 
weld are alloys of two or more metals. Even the so- 
called pure metals, which we occasionally do handle, often 
contain small amounts of other elements. These ele- 
ments consist not only of the residual impurities which 
cannot be eliminated entirely, but also deliberate addi- 
tions of very small amounts of elements which facilitate 
the casting and processing of the metal. Nickel, for ex- 
ample, may contain a small addition of manganese to 
minimize hot shortness induced by residual sulphur. 
Since these additions do not change the properties and 
characteristics from those of the pure or elemental metal, 
we feel that it is not necessary to classify the material as 
an alloy. 

There are many reasons for preparing alloys of metals, 
the most common, of course, being to improve mechanical 
properties. More specifically, we may be interested in 
obtaining higher hardness, tensile strength, notch impact 
strength, or better ductility. Corrosion resistance also 
receives considerable attention. Other purposes of alloy- 
ing would be to improve scaling resistance, alter elec- 
trical or magnetic properties, and to improve machina- 
bility. This chapter reviews the elements used to form 
ferrous and non-ferrous alloys. <A brief description of 
the properties of each of these elements is given along 
with a summary of their effects as an alloying addition. 
Whatever pertinent information is available regarding 
their influence on weldabilitv is then given. Later, in 
Chapter 13 and Chapter 14 of this book, we shall describe 
in greater detail the relationship between the composi- 
tion of ferrous alloys and their welding properties. 

In reading Chapter 2 covering the types of steels, it 
may have been deduced that alloys are seldom formulated 
with an eye to welding properties. In the majority 
of cases, a familiar cvcle of events takes place. First, 
O.H Henry is Professor of Metallurgical Engineering, Polytechnic Institute 
f Brooklyn. G. Claussen formerly was Adjunct Professor of Metallurgy 
Polytechnic Institute of Brooklyn, now, Moetallurgist, Reid-Avery Co 


Baltimore, Maryland. G. E. Linnert, who revised the second edition, is 
Senior Research Engineer, Armeo Steel Corporation, Baltimore, Md 
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a designing engineer comes upon the need for a new 
material with particular properties for an application. 
He may want good corrosion resistance in hydrochloric 
acid, or high impact strength at sub-zero temperatures, 
or perhaps certain minimum tensile strength and ductility 
values at room temperature. Of course, the test re- 
quirements or values which he insists upon are often 
merely a guess on his part, but circumstances are usually 
such that his word is final. Next, the metallurgist, 
through calculation and experimentation, arrives at the 
combination of elements which forms an alloy possessing 
the properties demanded by the designer. After all de- 
tails concerning design and material are thrashed out, 
the matter of fabrication is brought up. Welding, be- 
cause of its many advantages, is often chosen by the de- 
signer as a means of joining in his plans for fabrication. 
Keep in mind, however, that the composition of the ma- 
terial was developed to produce particular properties 
in the finished article. Whether or not the material will 
lend itself satisfactorily to welding is a matter that the 
designing engineer willingly leaves to the welding en- 
gineer. He is expected to select a welding process and 
devise a welding technique to produce suitable weld joints 
in the material. It is the pressure on the last stroke of 
this cycle that has forced us to adopt the maxim that 
“all metals can be welded.” By following this principle 
we have reached the present stage where, slowly but 
surely, welding processes and procedures are devised for 
joining magnesium, tool steel, heat-resisting alloys, and 
others. 


SOLUBILITY IN METALS 


As an approach to the technical side of the subject of 
alloying elements and alloys, let us first discuss the events 
that take place when two metals are combined to form 
a binary alloy. The customary procedure would be, of 
course, to bring metals together in the molten state. We 
find that some combinations of metals are completely 
soluble in each other and form a homogeneous mixture 
This may be true regardless of the proportions or per- 
centages of each involved. As examples, any propor- 
tions of molten iron and nickel, tin and lead, or aluminum 
and copper will commingle to form a homogeneous liquid 
solution or melt. On the other hand, some combinations 
of metals may show only partial solubility, and two im- 
miscible layers or melts will appear when the percentage 
of one metal exceeds its solubility limit in the other 
Chromium in quantities up to about 35 percent by weight 
can be dissolved in copper. However, any chromium 
added beyond this amount forms a second separate chro- 
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mium-rich liquid layer. To complete this story of the 
solubility of metals in the liquid form, we can point out 
that in some cases two metals may display no inclination 
whatsoever to mix or commingle. Iron and lead, also 
tungsten and copper, are instances of combinations where 
the liquid metals are practically insoluble in each other. 


When we deal with an alloy whose component metals 
are completely immiscible, the separate layers freeze and 
remelt at the same temperatures as their respective pure 
metals. If this immiscibility still exists in the solid state, 
the properties of the material are just about what would 
be expected of a mechanical mixture of two metals. On 
the other hand, if the two metals show some solubility 
and commingle to form a homogeneous solution or alloy 
at least in part, many remarkable phenomena take place. 
First of all, a homogeneous binary alloy usually freezes 
and melts over a temperature range rather than at a 
single temperature as we find in a pure metal. Next, 
one or more phases or forms of crystalline structure may 
be found in the alloy, and these can bear strong, little. 
or no resemblance to the crystalline structure of the com- 
ponent metals. The manner in which the crystalline 
structures undergo transformation is usually entirely new, 
and all that can be said in a general way about the trans 
formations is that they occur over a range of tempera 
tures rather than at a critical point. Therefore, we have 
critical ranges in alloys, and critical points in pure metals 


EQUILIBRIUM DIAGRAMS 


In discussing critical points in Chapter 5 we made use 
of a hypothetical thermometer to illustrate the level of 
the critical points for pure iron It was an easy matter 
to label these points with the temperature and the nature 
of the structural transformation that occured at each 
point. To present a schematic picture of the 
ranges and phases of alloys, we would find these hypo 
thetical thermometers awkward to use because we would 
need a great number of them to cover the many percent 
age combinations that it is possible to have in a single 
binary alloy system Instead, the metallurgist 
diagram to display information on freezing ranges, trans 
formation ranges, and phases found over the entire series 
of compositions at any temperature. These diagrams are 
called equilibrium diagrams because the temperatures 
are determined and the crystalline structures recorded 
under equilibrium cooling conditions—which means con 
ditions of cooling so extremely slow that changes may 
take place unconstrained. These diagrams are no more 
difficult to interpret than our thermometers, in fact we 
can easily show that they are actually plotted from ther 
mometers. 


critical 


uses a 


If close attention is given to the eight drawings shown 
in Fig. 50, there will be no difficulty in becoming familiar 
with equilibrium diagrams for here we show step-by-step 
the plotting of a typical diagram. The conventional dia- 
gram is two-dimensional, with scales placed horizontally 
and vertically. On these scales we plot our two vari 
ables—composition and temperature. The composition 
is indicated on the abscissa or horizontal base. The unit 
markings on the base usually indicate the percentage by 
weight of one element in the other, although atom per 
centages are sometimes used. Temperature is indicated 
on the ordinates or vertical sides Although the Centi 
grade temperature scale is appropriate for scientific writ 
ing, our practice in this book will be to show both Centi 
grade and Fahrenheit temperatures—on the right- and 
left-hand sides, respectively, of the diagrams. 


The first step in establishing a binary alloy constitu- 
tion diagram is to measure the freezing and transforma- 
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Fig. 50—Development of Equilibrium Constitution Diegrams for Binery 
Alloy Systems 


tion temperatures of the two pure metals, and then of a 
suitable number of intermediate compositions, 
These temperatures are determined by recording a time- 
temperature graph or cooling curve as a small quantity 
of the molten metal or alloy cools through the solidifi- 
cation and transformation points or ranges to room tem- 
perature 

Diagram A—For the purpose of illustration we have 
selected a simple binary that of bismuth and 
antimony, and have shown how its equilibrium diagram 
is plotted. In Diagram A we show the cooling curves 
for pure bismuth, pure antimony, and three Bi-Sb alloys 
of varying composition. Note the sharp breaks in the 
curves forthe pure metals. These horizontal steps accu 
rately mark the freezing point. During the entire time 
the metal is undergoing solidification, heat is liberated 
The amount of heat given off is sufficient to halt the drop 
in temperatur® of the partly frozen sample. When solid- 
ification is complete, the liberation of heat stops and 
cooling is continued. Thus the cooling curve has given 
us a freezing point for the pure metals. Next examine 
the cooling curves for the three Bi-Sb alloys. The hump 
in their curves is a result of heat being liberated over a 
range of temperatures—-indicating that freezing is taking 
place over a range of temperatures. Therefore, the 
cooling curves give us a freezing range for alloys. 

Diagram B—Here we have drawn a set of schematic 
thermometers using the temperatures secured from the 
cooling curves shown in Diagram A. These thermome- 
ters provide valuable data, but if we should be asked for 
the freezing temperature range of an alloy composed of 
65% Bi and 35% Sb, we would have to make a rough 
guess or prepare another thermometer 


alloy 


system ( 


Diagram C—In this drawing, we have laid down a 
The line 


base line to indicate composition is divided 
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into units representing percentage by weight. On the 
extreme left we find 100 percent bismuth; the extreme 
right is 100 percent antimony. As we move across the 
line from left to right, we are adding progressively in- 
creasing amounts of antimony to bismuth. At the proper 
points above this composition base line, we have po- 
sitioned the thermometers from Diagram B. Note the 
dotted lines drawn through the important temperature 
levels previously marked on the thermometers, and then 
pass on to Diagram D. 


Diagram D—This is a typical equilibrium diagram. 
Do you recognize it? The dotted lines in Diagram C 
are now solid. This diagram gives us the freezing range 
for any Li-Sb alloy composition. The alloy of 65 per- 
cent bismuth and 35 percent antimony, for which we had 
no thermometer, has a liquidus (start of freezing) of 
900° F, and a solidus (end of freezing) of 580° F as 
determined by drawing a vertical line from the 35 per- 
cent Sb point on the base of the diagram and noting 
where the line intersects the liquidus and solidus. The 
final bits of information added to the diagram are the 
phases present in the alloys at the various levels of tem- 
perature. The constitution diagram for the Bi-Sb alloy 
system is simple inasmuch as the two metals are soluble 
over the entire range of concentration in both the liquid 
phase and the solid phase. 


Diagram E—This is a common variation in the appear- 
ance of an alloy system freezing range. For the purpose 
of tllustration, we shall call the two metals A and B. No- 
tice that the alloy consisting roughly of 70 percent A and 
30 percent B has a solidification point at a temperature 
much lower than either of the two component metals. 
The composition which solidifies at this point is called 
eutectic, and represents the only instance where an alloy 
may have a freezing and melting point. 


Diagram F—If the metals in the alloy have limited 
solubility, or if the resultant alloys undergo phase changes 
in the solid state, the constitution diagram becomes more 
' elaborate. In the alloy system represented by this dia- 
gram, the component meta!s are soluble in the liquid 
state. The pattern of the liquidus is the eutectic type. 
However, the metals have only limited solubility in the 
solid state. An alloy composition to the left of the 
eutectic point upon freezing will first form crystals of 
A which contain only a limited amount of B as indicated 
by the solid solubility line. We can identify these crys- 
tals as phase A,g). As crystals of A,s, continue to 
form, more of B is relegated to the yet unfrozen alloy. 
This mechanism of freezing continues until the tempera- 
ture drops to a level just above the solidus line where 
we find that the remaining liquid has been enriched with 
B until its composition has been shifted to the eutectic 
point. The remaining liquid then solidifies at the solidus 
temperature as a eutectic mixture of A,n) crystals and 
B.4) crystals, often forming peculiar and characteristic 
structures or patterns. An alloy composition on the 
right-hand side of the eutectic point, of course, will re- 
verse this performance. The first crystals to form on 
freezing will be By,4), and consequently the remaining 
liquid is enriched with A. The mechanism, however, is 
exactly the same. 


Diagram G—lIn the vicinity of a transformation, solid 
solutions of two metals may behave as liquid solutions 


behave in the vicinity of the freezing temperature. This 
diagram shows how a transformation takes place in the 
solid phase A;,), which is predominantly metal 4 with 
a small amount of metal B in solid solution, upon cool- 
ing to a lower temperature. The diagram shows that 
transformation takes place over a range of temperature 
except in one particular composition where it occurs at 
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a point. This composition is therefore called the eutec- 
toid composition. 


Diagram H—As a matter of academic interest, we can 
show how to apply the Lever law to an equilibrium con- 
stitution diagram and determine for an alloy undergoing 
a process of solidification or transformation: (1) the 
percentage of the alloy in the liquid or untransformed 
state and the percentage of the alloy in the solid or trans- 
formed state, and (2) the composition of each of the 
phases existing at any given temperature level during 
the process. Our diagram shows an enlarged section 
of a typical diagram. At a point representing an alloy 
of 80 percent 4 and 20 percent B, we have drawn a 
vertical line. When the alloy, as a liquid solution cools 
to a point designated as T, we apply the Lever law by 
drawing a horizontal line through 7. From the points 
at which the horizontal line intersects the solidus and 
liquidus, we drop vertical lines to the composition scale 
on the abscissa. Now we can state that at the tempera- 
ture level 7, the amount of liquid and solid alloy is indi- 
cated by the relative parts of the line XY. The percent- 
age of liquid is represented by XT, while the percentage 
of solid is TY. The composition of the solid can be found 
by noting where the vertical line from X intersects the 
abscissa, and that of the liquid can be found by the similar 
line from Y. 


STATE OF ALLOYING ADDITIONS 


So far, all that has been said about the state or mode ot 
alloys is that the metals which form them may be im- 
miscible or insoluble, completely soluble in each other, ot 
only soluble to a limited extent. This may be true in 
both the molten and the solid condition. We shall soon 
see that it is necessary to know more facts about the exact 
distribution of one metal in another. For ease of discus- 
sion, let us talk about alloys having an iron base, that is 
we shall imagine that we are adding alloying elements to 
pure iron, 


Alloys in the Liquid State 


When we add lead to molten iron, we find that the 
lead is not soluble in the iron, but remains undissolved 
as globules which slowly sink to the bottom of the iron 
bath because of their greater density. Stirring is the 
only way we can keep these globules uniformly distributed 
Lead in steel has already been mentioned as an example 
of immisceibility. When nickel is added to iron, we find 
that the nickel dissolves, and by this we mean that the 
atoms of nickel are completely and uniformly dispersed 
throughout the atoms of iron comprising the bulk of the 
molten bath. This is also true of any element which is 
soluble in iron—the atoms or molecules show no tend 
ency to cling together, but freely mix with the iron atoms 
until the bath is a homogenous iron base alloy 


Alloys in the Solid State 


We have even greater interest in the state of alloy ad 
ditions in the solid condition. .\s the first case, let us 
consider alloying elements which were immiscible in the 
liquid iron, and are likewise insoluble in the solid iron 
We usually find the alloy addition in some easily identi 
fied form, perhaps just a layer or crust on the surface if 
the element’s density was less than that of iron, or as 
globules throughout the iron matrix if their densities were 
reasonably close, or possibly as a layer on the bottom if 
much heavier than iron. Stirring the iron bath during 
freezing would tend to produce a dispersion of globules 
with almost any combination of densities. 

\s the second case, we will consider alloying elements 
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which show solid solubility. Here we find that two 
different types of solid solutions may exist. If the atoms 
of the alloying element are roughly the same size as the 
iron atoms, within about 15 per cent to be more specific, 
then the atoms of the alloying element will occupy posi 
tions in the crystal lattice just like the iron atoms. We 
call this a substitutional type of solid solution. On the 
other hand, if the atoms of the alloying element are quite 
small, as would be with carbon and gaseous elements like 
oxygen and nitrogen, the spaces between the iron atoms 
are often sufficiently large for their entrance. Because 
the atoms remain lodged in these interstices, this is called 
an interstitial type of solid solution. 


In our third case, the alloying elements may exist in 
still another state—that of a compound. If the alloying 
element is a metal, then the product is called an tnter- 
metallic compound ; if a non-metal the product is called a 
non-metallic compound. Simple experiments in chemis 
try show that a compound may exhibit no resemblance 
whatsoever to the element from which it is formed. For 
this reason it is difficult to predict the behavior of an 
alloying element when it forms a compound on entering 
the metal bath. An example of an intermetallic com 
pound in iron is the formation of an extremely hard, brit- 
tle phase with the formula FeCr, when about 40 per cent 
chromium is added to iron. Sulphur as an alloying ele 
ment in iron does not appear as such, but forms a non 
metallic compound FeS, which is practically insoluble 
in iron and appears as entrapped globules or inclusions 


To summarize this review of the various states in which 
alloy additions may exist, we can tabulate: 


State of Conditions Which Conditions Which 

Alloying May Exist in May Exist in 

Element Liquid Solid 

Insoluble Immiscible layers Heterogeneous mechanical 
or globules mixture 

Soluble Homogeneous liquid Homogeneous solid solution ; 


solution either substitutional or 
May be soluble or interstitial type 
insoluble May be soluble or insoluble 


Compound 


GENERAL EFFECTS OF ALLOYING ELEMENTS 


Now that the various ways in which an added element 
may exist in an alloy have been covered, we can take a 
moment to point out what to look for in the way of effects 
produced by alloying. This should prove worth while 
before considering specific combinations of alloys because 
it will allow us to picture the physical properties and 
characteristics of the alloy as dictated by the state or mode 
in which the alloying element exists, and is far more valu 
able than merely memorizing one or two of the specific 
reasons for adding a particular alloying element. 


Influence During Freezing 


Alloys solidify over a range of temperatures (unless it 
is a eutectic composition) rather than at a single tempera 
ture level as we find in the case of pure metals. The 
range may be narrow or may spread over several hundred 
legrees of temperature. A wide freezing range provides 
an excellent opportunity for forming large grains, and 
Even in an alloy system which dis 
plays complete solubility in both the liquid and solid state, 
the first crystals to solidify from the liquid are rich in 
higher-melting point elements. As freezin 
the crystals that separate and the material tl 
the existing crystals, are richer in the lower-melting point 
elements. Fig. 51. Unless cooling is unusually slow 
there will be insufficient time for equalization of composi 


tavors segregation. 


provresses 
g progresses, 
at 


is added to 


Maren 1950 


He nmry, Claussen, 


\ 


Fig. 51—Micro-Segregation or Coring. Diagrammatic Sketch in Which 
the Depth of Shading Increases as the Percentages of Carbon and Alloy- 
ing Elements Increases 
Frequently observed in cast, alloy stee oring is rarely seen in mild stee! weld metal 
nstead of the c es shown for simplicity above oring generally hes 4 dendritic ap 
pearance, and is revealed by etching 


tion between the core of a crystal and the last layers to 
freeze. The resulting difference in composition between 
the center and outer portions of a crystal is called coring. 
Coring is often evident, for example, in metal deposited 
by 18 Cr-8 Ni electrodes. Coring is removed by full 
annealing. 


Influence on Crystalline Structure 


The addition of an alloying element may influence the 
crystalline form of the solvent metal in several ways. 
First, if the solvent metal displays allotropic transforma 
tion points as a pure metal, then these transformations 
will occur over a range of temperature when the metals 
are alloyed. Second, the level of temperatt at which 
the transformations take place may be raised or lowered 
rhird, the alloying element may markedly affect the na 
ture of the crystalline changes, either suppressing the ap 
pearance of certain crystalline forms or by creating the 
appearance of entirely new forms 
may not simply be 


In the latter case, it 
matter of the alloying element force 
ing its own crystalline form on the solvent metal, but a 
new, unexpected crystalline structure may appear 


Influence on Mechanical Properties 


Mechanical properties (for simplicity and convenience 
we can think in terms of hardness and ductility) may be 
influenced by alloying elements throu 


mechanisms 
Solid Solution Hardening—A mild increase in hard 


ness can be obtained with very little loss in ductility 
by adding a quantity of an alloying element which is 
completely soluble in the solvent metal The presence 


of these foreign atoms in eithet 


gh several different 


substitutional or inter- 
stitial types of solid solutions apparently results in a 
ined lattice—a condition which naturally results in 
slight increase in hardness 
Precipitation Hardening 

element in a solvent metal may decrease as the tempera 
ture is lowered 


rhe solubility of an alloying 


This condition can be pictured as salt 


being dissolved in hot water \ considerable quantity 
of salt mav enter solution when the water is hot, but when 
the water cools some of the salt is rejected from the solu 


tion as salt crystals. We say 
in the water beyond its maxin 


salt is present 
im ibility, and that 
the crystals have precipitated The same performance 
may take place in an alloy of 


the proper type, for as 
the solid solution is cooled a portion of the alloying ele 


ment may crystallize out 


The behavior of an alloy which is cay of precipi 
tation hardening can be n vary by using certain 
treatments of heating and cooling. If we should cool the 
solid solution rapidly (by quenching), the dissolved ele 
ment may be retained in the solvent metal and thus we 

ill have a supersaturated solid solution \ mild in 
rease in hardness can be expected in the supersaturated 
ution. However, a much greater increase in hardness 
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can be obtained by inducing the solute metal (the alloy- 
ing element) to precipitate out of the solvent metal as 


fine particles. The crystallization of the particles may 
be induced in several possible ways: (a) by aging the 
alloy at room temperature, (b) by raising the tempera- 
ture to a level where precipitation starts, or (c) by re- 
frigerating the alloy to a low temperature where the 
condition of supersaturation is more intense and precipi- 
tation is forced to take place. If precipitation is made 
to take place at a lower temperature than it normally 
would during slow cooling, a finer dispersion of particles 
-. secured and the hardening effect of the precipitate is 
elt. 


Transformation Hardening—In some respects, trans- 
formation hardening is closely related to precipitation 
hardening. The scheme of the mechanism is to first 
select a solvent metal which undergoes a transformation 
of crystalline form at some convenient temperature level. 
Next, an alloying element is added which is soluble in 
the high-temperature crystalline form to an appreciable 
extent, but is soluble in the low-temperature form to 
only a limited extent. An alloy containing a suitable 
concentration of the solute element is heated to a point 
where its high-temperature crystalline form exists and 
the alloying element enters the lattice to form a solid 
solution. Upon cooling the alloy to the point where 
the crystalline transformation occurs, the alloying ele- 
ment suddenly feels the full effect of limited solubility, 
or, in other words, it has suddenly become a super- 
saturated solid solution, and so precipitation takes place. 
The cooling rate can usually be regulated to produce a 
fine dispersion of precipitated particles throughout the 
metal. This structural condition results in a marked 
increase in hardness, but unfortunately, a marked de- 
crease in ductility also. 


ALLOYING ELEMENTS IN IRON 


Because iron is so abundant, is handled in such vast 
quantities in our steel industry, and is consumed as rap- 
idly by a multitude of users, we usually fail to appreci- 
ate the remarkable properties of this element. Let us 
refresh our memories on what has been said about iron 
thus far in this book, particularly in Chapter 5 where we 
discussed the structure of metals. 

Iron is a metal of moderate density, having an atomic 
weight of approximately 56. It has a fairly high melt- 
ing point, 2795° F to be exact, which in many applica- 
tions is desirable. The most remarkable characteristic 
of this element, however, is its ability to undergo re- 
versible changes in crystallographic structure (allotropic 
transformations) at two specific temperature levels dur- 
ing heating and cooling. At room temperature, the 
iron atoms crystallize in a body-centered cubic arrange- 
ment. When heated beyond 1670° F, the body-centered 
cubic crystals (alpha iron) transform to a face-centered 
cubic formation (gamma iron). If heating is continued 
past 2535° F, the face-centered cubic crystals revert to 
the body-centered cubic form, which is called delta iron 
to distinguish it from alpha iron. This crystalline form 
yersists to the melting point. On cooling, the trans- 
Rennslane are repeated in the reverse order. 

A few words can be said now about the shortcomings 
of iron, which, of course, will naturally lead us into the 
reasons why we usually add alloying elements to form 
steels and ferrous alloys. Iron is progressively oxidized 
at a fairly rapid rate by rusting and scaling even in mildly 
corrosive media. We can use alloying elements like 
chromium and copper to make a substantial improvement 
in the inherent corrosion resistance of iron. Pure iron 
has a tensile strength and hardness which are too low for 
general construction purposes. We have been very suc- 
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cessful in improving the mechanical properties of iron 
by adding carbon for increased hardness and alloying ele- 
ments like chromium, nickel, or molybdenum for in- 
creased hardenability. Much of our success in altering 
the mechanical properties of iron can be attributed to 
the reversible transformation of alpha iron to gamma 
iron and the wide difference in the solubility of carbon 
in each of these crystalline forms. As we study the 
effects of alloying elements it will be seen that additions 
are made also to alter electrical conductivity or resistivity, 
magnetic properties, and many other properties and 
characteristics. 

In reviewing the alloying elements used in iron, note 
that information of a fundamental nature is given first; 
the atomic weight, melting point, crystalline structure, 
and so forth. Notice also that most elements can be 
classified as ferrite formers or as austenite formers. By 
way of explanation, certain elements when added to iron 
will favor the retention of the body-centered cubic crys- 
talline form (alpha iron, or ferrite in steel) and will re- 
strain the appearance of the face-centered cubic crystal- 
line form (gamma iron, or austenite in steel). Upon 
reaching a critical alloy composition, the face-centered 
cubic crystalline form may be eliminated entirely and the 
alloy remains in the body-centered cubic crystalline form 
at all levels of temperature. An element which influ- 
ences iron in this manner is therefore called a ferrite 
former. In the same way, adding a sufficient quantity 
of an austenite former can create a ferrous alloy which 
possesses the face-centered cubic form at all levels of 
temperature. 


Carbon 


A greater variety of changes can be made in the me- 
chanical properties of iron by alloying with carbon, than 
with any other element. Alloys of iron and carbon up 
to about 1.7 percent carbon are called steels; and above 
1.7 percent carbon, cast irons. 

Carbon is an element with an atomic weight of 12 that 
can exist in three allotropic forms; amorphous carbon, 
graphite, and the diamond. It has an undetermined 
melting point somewhere above 6000° F, nevertheless, 
solid carbon is readily taken up by molten iron to form 
a liquid solution. In solid irons, however, the state or 
mode of carbon as an alloying element is quite complex 
because carbon can dissolve in gamma iron in appreci- 
able amounts to form an interstitial solution, yet its 
solubility in alpha iron is very much restricted. The 
carbon which cannot enter into solid solution with the 
alpha iron, forms a compound for the most part rather 
than exist as some form of free carbon. The compound 
is iron carbide, FesC, a material of very high hardness. 
Because of this trait, we sometimes refer to the equilib- 
rium diagram as the iron-iron carbide diagram. How- 
ever, it is also possible to have the carbon exist as free 
carbon or graphite, although this form is generally found 
in higher carbon material like gray cast iron. Experi- 
mental work has shown that the true equilibrium diagram 
for the iron—carbon system should show iron and free 
carbon (graphite) as the final stable phases. 

The iron-iron carbide equilibrium diagram is shown in 
Fig. 52. Here, the vertical distances, as usual, repre- 
sent temperature, the Fahrenheit scale being on the left, 
Centigrade on the right. Horizontal distances represent 
composition in weight percent carbon. Simply to mag 
nify the space occupied by the lower carbon contents, 
the composition is plotted logarithmically, there being no 
hidden significance. The left-hand vertical axis of the 
diagram represents iron free from carbon, or 0% C. If 
we picture a specimen of pure iron being slowly cooled, 
we will recognize these familiar temperatures on the 
diagram : 
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A—2795° F, freezing point of iron. 

N—2535° F, transformation of delta iron to gamma 
iron. 

G—1670° F, transformation of gamma-‘iron to alpha 
iron. 


P—1420° F, approximate point at which alpha iron 
becomes magnetic. 


Now let us examine the diagram as a whole and learn 
the effects of carbon as an alloying element in iron. The 
addition of carbon to iron lowers the freezing tempera- 
ture and causes freezing to take 
temperature. 


place over a range of 
The liquidus (temperature at which solid 
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Fig. 52—Iron-Iron Carbide Equilibrium Diagram (Metal Progress) 
Carbon content is plotted logarithmically for convenience 
carbon range 


n magnifying the lower 
crystals appear on cooling) is ABCD. The crystals 
which appear in the melt when the temperature reaches 
AB are delta iron. Their compositions are represe anted 
by the line AH, a part of the solidus AHJEF. The 
term delta iron used to designate both iron free 
from carbon and solid solutions a n and carbon, 
when it possesses the body-centered « crystal form 
at temperatures just below the freezing peiek 

The interstitial solid solution of carbon in gamma tron 
is called austenite. The austenite crystals which appear 
in the melt when the temperature reaches BC on cooling 
are of - compositions shown by the line JE. For ex- 
ample, at 2200° F we cannot have a crystal containing 
2 pe eer carbon; if there is melt present the only possible 
austenite crystal contains 1.5 percent carbon. The aus- 
tenite freezing along BC is called primary austenite to 
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distinguish it from the austenite that forms from the 
delta iron along HN during cooling, which is called 


secondary austenite. 


HJB—Peritectic line. 
H—Delta iron of peritectic composition, 0.08% C. 
J—Gamma iron of peritectic composition, 0.18% C 


B—Peritectic liquid, 0.559% C. 

The crystals which appear in melts containing over 
4.30% C when the temperature reaches CD on cooling 
are iron carbide, or FegC. We call this compound 


mentite. The corresponding solidus is not shown, for 


the reason that its position is not too well known 
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ECF 
E—Eutectic austenite. 


Part of the eutectic line. 


C—The eutectic, also, called Ledeburite. 

The right-hand end of the eutectic line extends to 
6.67 Yo C, corresponding to the composition of cementite, 
Fe;C. Along ECF, the three materials, E, C, and ce- 
mentite are in equilibrium. If heat is applied, E and ce- 
mentite react to form a liquid containing 4.30% C at 
constant temperature, 2065° F. If heat is removed, the 
eutectic liquid, discharges austenite E and cementite 
in finely divided, eutectic form. C is called the cemen- 
tite eutectic to distinguish it from a liquid C’ of slightly 
lower carbon content, which freezes as a eu of aus- 
tenite and graphite. Except in the cast iron, 
graphite no great importance Liquid 
is not found below the solidus AHJEF. 

\side from the unimportant lines NH and 


tectic 
of 
for welding 


welding 
1s of 


NJ, there 


are only five lines in the equilibrium diagram below the 
solidus, and only two other joints P and S, which we 
have not discussed in detail. Lines GS and SE are anal- 
ogous to curves AC and CLD; molten al liquid solu- 
tion) is analogous to austenite (solid solution). When 
solid solution called austenite reaches GS (Ags) on 
cooling, crystals of alpha iron appear. Their composi 
tion is shown by the line GP. Alpha iron in alloys of 
iron and carbon is called ferrite Ferrite alone, with 
out cementite or austenite can exist only in the area 
GPQO. For example, at 1400° F we cannot have a 
ferrite crystal containing 0.20% C. We can have fer- 
rite crystals containing up to a maximum of 0.03% C 
at 1400° F. When austenite reaches SE (Acm) on 


cooling, crystals of cementite 
PSK—Part of the eutectoid line. 
P—Eutectoid ferrite, 
S—The eutectoid, 


appear 


containing 0.035% C 


containing 0.83% C 


The right end of the eutectoid line extends to 6.67% 
C, corre spondi ng to the composition of cementite, Fe,C. 
Along the line PSK the materials P, S, and cementite 
are in equilibrium. If heat is applied, P and cementite 
react to form austenite of composition S, 0.83'% C, at 
1333° F. On the other hand, if heat is removed S de- 
composes into ferrite (P) and cementite. The crystals 
of ferrite and cementite have the appearance of plates, 

separ pair of ferrite 


a thin plate ot cementite iting 


every 


plates. This structure consisting of alternate plates of 
ferrite and cementite is called pearlite. The dashed line 
labeled A,, signifies that the evolution of heat at the 


éutectoid during cooling at rates commonly prevailing in 
the laboratory occurs 40° to 80° F below the equilibrium 
temperature (1333° F) measured during infinitely slow 
cooling. While grains of pearlite in a pure iron-carbon 
illov ver-all composition of 0.83% C and 
the other ele- 
ments in the steel may shift the eutectoid point to lower 


re] 
remainder 


an 


ron, the pre ce ot alloying 


or higher carbon contents \ steel containing 2 percent 
chromium, for example, would represent a eutectoid 
composition at about 0.60 percent carbon 

The range over which the transformation of austenite 
occurs is of especial importance, although this may not 
he appreciated at this point in our discussion, and is 
frequently identified by additional letters and digits. The 
lower temperature of the transformation ran (hypo- 
eutectoid line. PS) is identified as A;, the magnetic point 
as A», and the upper temperatures of the transtormation 
range (GS) as Ay. The letter A stands for the French 
word arrét, meaning arrest Since the equilibrium dia 
gram is plotted from data obtained } pecimens 
he identification may also include the letter r which sig- 
nifies cooling (r from the French refroidissement In 


the same manner, a diagram may possibly 
sition of these lines on heating 


show the po- 
and mark them with the 
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letter ¢ (c from the French chauffage). In this case 
they appear as the A4,,, and so forth. The lower and 
upper temperature limits of the transformation range on 
heating are necessary pieces of information in heat treat- 
ing steel and are often presented in table form for a list 
of steels of varying composition. 

The usefulness of the equilibrium diagram is open to 
question because it can be argued that alloys practically 
never attain equilibrium conditions in practice, particu- 
larly in welding where fast rates of cooling are the rule. 
Nevertheless, the diagram always is essentially correct for 
the weld melt no matter what the rate of cooling, for the 
molten metal always crystallizes and will tolerate very 
little supercooling. It is true, however, that the trans- 
formation which normally takes place somewhere be- 
tween 1670° and 1335° F is suppressed by rapid cool- 
ing, a fact which is of paramount importance to us. 

Adding increasing amounts of carbon to iron will, in 
general, result in increasing hardness of the steel. The 
hardness rises because larger amounts of the hard com- 
pound, FesC (cementite), appear in the microstructure. 
It is just as important to state, however, that the size 
and distribution of the cementite particles play a large 
part in determining the hardness. The equilibrium dia- 
gram shows that when steel is cooled slowly through the 
A,3-A,, critical range, any cementite which forms at the 
the 4,, is found as thin plates or lamellae between al- 
ternate plates of ferrite; a structure which is called 
lamellar pearlite. If the A,,3-A,, transformation range 
is suppressed by increasing the cooling rate, obviously, 
the formation of lamellar pearlite cannot progress in 
leisurely fashion, but must take place quickly, or not at 
all. We shall see that when the transformation of aus- 
tenite is made to take place quickly, and at a lower tem- 
perature, either a finer lamellar pearlite is formed, or 
the cementite appears in an entirely different structural 
form. From this point onward, we shall make use of 
the word hardenability, which means the inclination of 
a steel when quickly cooled to undergo the 4,,-A,, trans- 
formation at a lower temperature and in sluggish fashion 
so that a hard structure is obtained. Chapter 9 of this 
book goes to great length to show the influence of cool- 
ing rate on the mode of cementite in steel, and, in turn, 
how the hardness is affected. 


Manganese 


Manganese is a grayish-white metallic element which 
resembles iron in many ways. It has an atomic weight 
of 54.9, and a melting point of 2268° F. Like iron, it 
also exists in different allotropic crystalline forms de- 
pending upon the level of temperature. From room 
temperature to 1368° F, the crystalline form of manga 
nese is simple cubic, which is designated as alpha man- 
ganese. Heating above this temperature brings about 
a transformation to beta manganese which has a complex 
cubic crystalline form. 

The properties and characteristics of manganese en- 
able it to act as an important alloying element in iron 
Manganese, as compared with iron, has a stronger af 
finity for oxygen, sulphur, and carbon. When added 
to molten iron, we find that the manganese will react 
with oxygen to form manganese oxide, (MnO). This 
reaction, however, reaches a point of balance or equilib- 
rium and does not go to completion. Therefore, man- 
ganese may be considered a deoxidizer, although it is 
not as powerful in this respect as some other elements 
like aluminum or silicon. The manganese will also com 
bine preferentially with any sulphur present to form man 
ganese sulphide (MnS), a compound which has only 
limited solubility in the molten iron and rises to escape in 
the slag if conditions permit. Manganese sulphide is 
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also practically insoluble in the solid metal and appears 
as inclusions. Any manganese, beyond the amount re- 
quired to combine with all the sulphur present, will com- 
bine with the carbon in the steel to form manganese car- 
bide, MngC, as the steel cools through the 4,, critical 
point. The properties of manganese carbide particles 
and their appearance in the microstructure are indis- 
tinguishable trom iron carbide particles. 

Besides entering into combination with oxygen, sul 
phur, or carbon as we have just described, manganese also 
influences the behavior of steel. Free manganese is com- 
pletely soluble in molten iron, and enters the lattice of 
solid iron by forming a substitutional type of solution. 
The presence of manganese lowers the 4,3-4,; critical 
range and makes the transformation of austenite very 
sluggish—or in effect, increases the hardenability of the 
steel. Very large additions of manganese, about 12 to 
15 percent, suppresses the transformation of austenite 
so effectively that it does not take place at all even with 
moderately fast cooling, and the steel remains austenitic 
at room temperature. ; 

Manganese is usually found as an alloying addition 
in all grades of steel base metal and filler metal, save 
perhaps Armco ingot iron. Its purpose is generally 
threefold; to assist in the deoxidation of the steel, to 
prevent the formation of iron sulphide inclusions which 
cause hot cracking difficulties, and to promote greater 
strength by increasing the hardenability of the steel. 


Phosphorus 


While regarded as an undesirable impurity in most 
steels, phosphorus is employed as an alloying element in 
a few cases. This element has an atomic weight of 31 
and melts at 111° F. It has an affinity for oxygen, 
particularly when it is in the form of pure phosphorus in 
which case it must be protected from the air or moisture 
to keep it from reacting with the oxygen in these media 
When added to steel as an alloying element, it is usually 
handled as a ferrophosphorus alloy, containing about 20 
percent phosphorus. 

In molten iron, phosphorus is soluble up to at least 
30 percent, a level which is far beyond any iron-phos- 
phorus alloy useful for fabrication purposes. In the solid 
state, phosphorus forms a compound with the iron, FesP, 
which in turn dissolves in the iron forming a solid solu- 
tion. At room temperature, alpha iron, or ferrite in 
steel, can hold about 0.1 percent phosphorus in solution 
as FesP. Phosphorus in excess of this amount exists 
as FegP particles imbedded in the iron-phosphorus alloy 
matrix. 

Phosphorus is often troublesome in steel because 1 
has a marked tendency to segregate. The phosphorus- 
rich areas then cause further trouble by rejecting carbon 
into the surrounding metal. This gives rise to ghost 
bands in the microstructure, which are simply areas con 
taining abnormally small amounts of carbon. In 
hardened steels, phosphorus tends to make the material 
somewhat brittle, or in the vernacular of the metallurgist 
cold short. 

When present as a residual impurity in any but 
Bessemer steels, phosphorus usually is found at about 
0.04 percent or less. In some special steels, residual 
phosphorus is held to a maximum of 0.015 percent, but 
not without steelmaking difficulties. Phosphorus has 
a mild beneficial effect on the properties of some steels 
It is added in amounts up to 0.10 percent to improve the 
strength and corrosion resistance of low-alloy high 
strength steel. Similar quantities help the machinability 
of many steels. 

Sulphur and Selenium 


Sulphur and selenium are discussed together because 
these two elements behave in almost identical mannet 
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in iron. In fact, the two elements could be used inter 
changeably, but for the fact that selenium is much more 
costly than sulphur. Therefore, we find selenium used 
as an alloying addition only in the more expensive 
rous materials, like stainless steel. 

Sulphur has an atomic weight of 32 and a melting 
point of 246° F. Selenium has an atomic weight of 79 
and melts at 428° F. Both elements show an appreci 
able solubility in molten iron, but because of their fairly 
low boiling points, cannot be held in the molten iron 
in large quantities. In solid iron, both elements exist 
as compounds, FeS and FeSe, which are practically 
insoluble. In steel, however, the steelmaker makes it 
a point to have sufficient manganese present to tie up 
these elements as MnS or MnSe. These compounds 
then appear in the steel as globular inclusions (if the 
metal is cast) or elongated stringers (if the metal is 
forged or rolled). 

kor most steels, a maximum of 0.04 percent is ad 
hered to for sulphur or selenium as a residual element 
or impurity. Steels for special applications, perhaps re- 
quiring critical forming properties, or particular weld- 
ability requirements, may demand sulphur or selenium 
contents low 0.010 percent maximum. In the 
opposite direction, alloying additions of 0.10 to 0.30 per 
cent are made of sulphur or selenium because these ele 
ments are outstanding in their ability to improve the 
machining properties of steel. Steels containing sulphur 
or selenium at this high level are called sulphurized or 
free-machining steel. As the cutting tool removes the 
metal, the sulphide or selenide inclusions cause the chip 
to conveniently break into short pieces instead of contin- 
uing as long, bulky turnings. Also, the inclusions ap 
parently lubricate the tip of the tool and prevent it from 
galling or seizing with the work piece. 

Welding sulphurized steels formerly posed a serious 
problem because of the occurrence of cracking and gas 
pockets. These difficulties have now been overcome, 
and are discussed in Chapter 12 on difficulties and de 
fects. 


Ter 


as as 


Silicon 

The role of silicon as a deoxidizer in steel was described 
in Chapter 2 on steelmaking. While this earlier dis 
cussion will help to stress the need for silicon in certain 
grades of steel, we should also cover the influence of 
this element as an alloying addition. Silicon has an 
atomic weight of 28 and a melting point of 2600° F 
The crystalline form of the element is cubic. Silicon is 
not considered a metal, but a metalloid. The solubility 
of silicon in molten iron or steel is unlimited. Solid 
iron, however, will dissolve only up to about 15 percent, 
above which level crystals of a compound, FesSiz, appear. 
The effect of dissolved silicon is to lower the delta-to 
gamma transformation range in iron, and raise the 
gamma-to-alpha transformation range, until at approxi- 


mately 2.2 percent silicon, the gamma phase is entirely 
eliminated as an allotropic form and the iron-silicon 
alloy retains the body-centered cubic crystalline form 


from room temperature to the melting point. For this 
reason, we call silicon a ferrite-forming element, because 
in a sense it has closed a gamma loop in the equilibrium 
diagram. 

While silicon shows some merit as an alloying element 
for increasing the hardenability of steel, improving me 
chanical properties, and perhaps aiding the corrosion 
resistance in some special cases, we find its greatest 
use a deoxidizing agent to control the oxygen content 
and general cleanliness. Silicon and oxyget react vig 
orously to liberate a large amount of heat and form silicon 


as 


dioxide, SiOe. This compound is practically insoluble 
in the molten or solid metal and either rises to escape 
in the slag, or remains entrapped as inclusions in the 
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metal. Ordinarily, silicon is added in slighi excess of that 
required to deoxidize the steel. In plain-carbon steels we 
find the silicon from nil to about 0.30 percent depending 
upon the deoxidation desired. When added for the pur 
pose of complete deoxidation, silicon ranging from 0.10 to 
1.0 percent is found 


Copper 

Because of the poor hot working properties which 
were experienced in the past with some steels alloyed 
with copper, this element does not have a particularly 
good reputation as an alloying element in steel. As our 
metallurgical knowledge of the alloying effects of copper 
has increased, we have gradually overcome the problems 
involved in hot working these materials and now make 
more frequent use of the element in ferrous alloys 
Copper has an atomic weight of 64, a melting point of 
1981° F, and crystallizes in the face-centered cubic form 
Copper and iron free from impurities, are completely 
soluble in the liquid state. When carbon is present 
above 0.1 percent, complete solubility of copper in iron 
no longer exists. Its solid solubility in iron is about 
10 percent. In the solid state at room temperature 
the iron will hold about 0.5 percent copper in a substi- 
tutional type solution under equilibrium conditions. It 
appears that plain-carbon or low-alloy steel that under 
goes moderately fast cooling can hold at least 3 or 4 per 
cent copper in solid solution at room temperature. 

The effects of copper as an alloying element in iron or 
steel are generally mild. It may be utilized to some 
extent as a precipitation hardening element in iron or 
steel by resorting to a solution heat treatment followed 
by an aging treatment. When present as copper in 
solution, it iacreases the hardenability of steel slightly 
by making the austenite transformation more sluggish 
\ current popular use of copper in steel is to add about 
0.25 percent to plain-carbon steel to form a copper-bear 
ng steel which is claimed to have a retarded rate of rust 
by atmospheric corrosion. Low-alloy steels may 
contain additions up to 4 percent for added strength and 
corrosion resistance. Substantial additions of copper are 
sometimes made to stainless steels to increase their re 
sistance to certain types of corrosive media 

The welding of copper-bearing steels is often looked 
upon with disfavor. However, as we learn more about the 
influence of copper in steel, it is realized that our anxiety 
is predicated on the poor reputation acquired by this ele- 
ment from early hot working difficulties 


ing 


Chromium 


Chromium is a powerful alloying element in iron and 
steel, and is worthy of considerable study. It is added 
for two principal reasons: first, it strongly increases 
the hardenability of steel; second, it markedly improves 
the corrosion resistance of iron and steel in oxidizing 
types of media. Chromium is the basic ingredient in 
stainless steels. The atomic weight of chromium is 52, 
its melting point is 3430° F, and its crystalline form is 
body-centered cubic. The solubility of this element in 
iron and steel is unlimited in both the molten and solid 
conditions. 

[hree fundamental facts about the behavior of chro- 
mium as an alloying element in iron or steel are: (1) 
chromium has a high affinity for carbon, and attempts 
to form complex iron-chromium carbides instead of the 
simple iron carbide, Fe,C; (2) at high temperatures, it 
combines readily with oxygen to form chromium oxide, 
a refractory non-metallic compound; and (3) it is a 
ferrite former in its effect on the crystalline form of tron. 


\dditions of chromium to iron gradually restrict the 
range over which the gamn yr austenitic phases exist. 
until at about 13 per cent chromium in pure iron the 
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gamma allotropic form does not appear on heating or 
cooling. The body-centered cubic form of alpha (or delta) 
iron is found in the alloy at any temperature up to the 
melting point. This, it will be recalled, was also the effect 
of silicon. 

We frequently encounter chromium alloy steels in weld- 
ing, both in the form of base metal and as filler metal. In 
low-alloy steels where chromium up to 2 or 3 per cent is 
added for increased hardenability, the chief problem which 
arises is the avoidance of excessive hardening or possibly 
cracking in and adjacent to the weld joint. Steels con- 
taining 5 or 6 per cent chromium are made because they 
retain considerable strength at elevated temperature. 
These steels possess extremely high hardenability and can 
be welded only with special techniques. Stainless steels 
contain 10 per cent chromium and higher for corrosion 
resistance. Chapter 14 is devoted largely to the proper- 
ties and welding characteristics of stainless steels. 


Nickel 


Nickel is also widely used as an alloying element in 
iron and steel, and is often added in combination with 
chromium. Nickel has an atomic weight of 59 and melts 
at 2651° F. It has a face-centered cubic crystalline 
structure and is completely soluble in liquid and solid 
iron. In solid iron, the presence of nickel strongly pro- 
motes the appearance of the gamma (face-centered cubic) 
crystalline form, and an addition of about 25 per cent 
nickel will cause the alloy to remain in this form at room 
temperature. Nickel would therefore be considered an 
austenite former in steel. Nickel dissolved in steel dis- 
plays no inclination to form carbides or oxides because its 
affinity for carbon and oxygen is less than that of iron. 

The hardenability of steel is increased by alloying with 
nickel, and for this reason we find nickel present in many 
low-alloy steels in quantities ranging from 0.5 per cent to 
as much as 5 per cent. It is a very satisfactory element 
for increasing hardenability because it often improves 
toughness and ductility even while increasing the strength 
and hardness. Nickel is frequently used to secure tough- 
ness in steel at low temperature. Additions of nickel 
substantially greater than 5 per cent are made to secure 
special properties. In stainless steels, we find nickel rang- 
ing from 7 to 35 per cent, resulting in a material of the 
austenitic type. Nickel in the range of 36 to 40 per cent 
is employed to form Invar, a special steel with extremely 
low thermal expansion and contraction, Other than 
making a steel more hardenable, nickel as an alloy addi- 
tion causes no difficulty in welding. 


Molybdenum 


Molybdenum has an atomic weight of 96 and melts at 
4748° F. The crystalline structure of this element is 
body-centered cubic. It is a strong ferrite former, and 
as little at 3 per cent will sustain iron in the body-centered 
cubic crystalline form. As an alloying element in steel, 
molybdenum has a very strong tendency to form carbides, 
and markedly increases hardenability. Small additions 
of molybdenum, in the order of 0.25 to 0.50 per cent, are 
usually adequate to secure high hardenability. Molyb- 
denum from 0.5 to 1.5 per cent is often added to low-alloy 
steels to improve their strength and creep resistance when 
used in service at elevated temperatures. 
may contain molybdenum additions from 0.5 to 4 per cent 
for a number of reasons. The austenitic type of stainless 
steels may contain this element for greater corrosion re- 
sistance to media which is likely to cause pitting, or pos- 
siblv for greater strength at elevated temperatures. 


Stainless steels 


Columbium and Titanium 
One particular property which columbium and titanium 
have in common, that justifies grouping them together for 
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our discussion, is their powerful affinity for carbon. 
Columbium has an atomic weight of 93 and melts at 4380° 
F. Its crystalline structure is body-centered cubic. 
Titanium has an atomic weight of 48 and melts at 3272 

F. Its crystalline structure is hexagonal. Both ele- 
ments have a strong desire to unite with carbon, oxygen, 
and nitrogen, in steel; titanium having the greater tend- 
ency in each case. Both elements also act as ferrite 
formers on the crystalline structure of iron and steel. 
When dissolved in steel, columbium and titanium are be- 
lieved to increase hardenability; however, the carbide- 
forming tendency of these elements is so strong that they 
are frequently in the structure as undissolved carbides and 
in this way actually decrease hardenability. 

Some use is made of titanium as a deoxidizer and as an 
alloy addition to reduce the hardenability of steel to be 
welded (by forming carbides which require higher tem- 
peratures or longer time to dissolve in the austenite). The 
greatest use of columbium and titanium, however, is made 
in stainless steels of the austenitic type where these ele- 
ments act as carbide stabilizers, a role which is described 
in detail in Chapter 14. 


Tungsten 


The most frequent use of tungsten is made in tool steels, 
although lately it has been added with good results to a 
few of the highly alloyed heat-resisting steels. Tungsten 
is a very heavy element having an atomic weight of 184. 
Its melting point is 6170° F, so unusually high that it is 
important to keep it in mind. The crystalline structure 
of tungsten is body-centered cubic 
a ferrite former, has a strong tendency to form carbides 
which incidentally are extremely hard—and increase 
hardenability. The reasons for adding tungsten to tool 
steel are obviously to increase hardenability and form 
wear-resistant carbides, but in addition tungsten is effec 
tive in sustaining the hardness as the metal rises in tem- 
perature to a red heat, a condition not uncommon at the 
tip of a cutting tool. 


In steel, tungsten is 


Vanadium 

Vanadium has an atomic weight of 51, a melting point 
of 3110° F, and a body-centered cubic crystalline struc- 
ture. Its influence on the crystalline structure of iron 
and steel is that of a ferrite former. Vanadium has a 
mild affinity for oxygen, a strong tendency to form car- 
bides, and increases the hardenability of While 
vanadium has been used on occasions as a mild deoxidiz- 
ing agent, it is most commonly used as an alloy for in- 
creasing hardenability. A minor effect of vanadium 
which deserves mention is that it reduces austenite grain 
coarsening during heating 


steel 


Cobalt 

Cobalt has an atomic weight of 59, a melting point of 
2723° F, and a hexagonal crystalline structure. Its in- 
fluence on the crystalline structure of iron and steel is that 
of a rather weak austenite former. Cobalt has less affin- 
ity for oxygen or tendency to form carbides than does 
iron. It is an unusual element inasmuch 
hardenability in steel. Nevertheless, it is often desirable 
as an alloying element since it produces a remarkable 
amount of solid solution hardening when dissolved in fer- 
rite or austenite. 


as it decreases 


ALLOYING ELEMENTS IN ALUMINUM 


The widespread use of aluminum no doubt can be 
credited to its light weight and its reasonably good cor- 
rosion resistance under ordinary atmospheric conditions 
or in other mildly corrosive media. Other useful prop- 


erties are its malleability, high electrical and thermal con- 
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ductivity, and good light and radiant heat reflectivity 
While the cost of this metal is greater than that of steel, 
aluminum, with a density of only 2.7, will produce more 
than twice as many articles per pound than will steel. 
The atomic weight of aluminum is 27, its melting point 
is 1220° F, and its crystalline structure is face-centered 
cubic. 

Aluminum has a powerful affinity for oxygen and owes 
Its corrosion resistance to a thin protective film of alum 
inum oxide which spontaneously forms over the sur 
face. Since the oxide of aluminum is white in color, we 
are not as conscious of the oxidation or corrosion of 
aluminum as we are of the scaling or rusting of iron. Un- 
fortunately, aluminum is strongly electropositive (anodic ) 
and, when in contact with most metals under galvanic cor- 
rosion conditions, will corrode rapidly. It cannot be con- 
sidered corrosion resistant to common acids, and is strong- 
ly attacked by alkalis. Alloy additions have been made to 
improve the mechanical properties, forming, and ma 
chining properties, but alloying has been of little help in 
improving the corrosion resistance. In fact, most alloy 
additions lower the corrosion resistance. Some of the 
alloy combinations which offer very attractive mechanical 
properties possess such poor corrosion resistance that it 
is necessary to protect them with a thin surface cladding 
of pure aluminum; thus, we find the material called 
Alclad. Improved corrosion resistance has also been 
secured through chemical treatment of the surface. 

Aluminum does not undergo an allotropic transforma 
tion upon heating, that is, a reversible change in crys 
talline structure, which might be utilized to obtain trans- 
formation hardening. Commercially pure aluminum 
(Grade 2S) is a soft metal that can be hardened only to a 
moderate degree by cold working. Some improvement in 
mechanical properties has been secured by developing an 
alloy which contains 1.25 percent manganese (Grade 3S) 
This element produces particles of a hard aluminum 
manganese constituent in the matrix of aluminum, and 
increases the strength and hardness by virtue of a small 
amount of solid solution hardening plus the effect of the 
particles hindering movement on slip planes. To secure 


the greatest strength and hardness obtainable in alumi 
num alloys, the precipitation hardening mechanism is 
employed. Copper was originally used as the solute 
element, being present to the extent of approximately 
4 percent. More complex alloys containing small addi 
tions of such elements as silicon, magnesium, chromium, 
and nickel were soon developed and see greater use today 

Aluminum has a higher solubility for many elements 
above approximately 800° F than at room temperature, 
and the usual method of carrying out the precipitation 
hardening operation is to first solution treat by heating 
the metal above this temperature and then quench. In 
this condition, of course, the metal is quite soft Next 
hardening is accomplished by a precipitation treatment 
This may involve a slight reheating at some convenient 
time, or merely aging at room temperature, depending 
upon the particular alloy. 

The tensile strength of commercially pure aluminum 
in the dead soft condition (O) is approximately 13,000 
psi. This may be increased to 24,000 psi by cold. work 
ing (//). The tensile strength of the precipitation 
hardening type of alloy may be as high as 80,000 psi. 

The chief problem in welding aluminum is brought 
about by its strong affinity for oxygen. Ina fusion weld- 
ing operation, a heavy crusty oxide film or slag coating 
forms on the heated metal whenever oxygen is available 
in the surrounding atmosphere. This oxide film 1s highly 
refractory and constitutes a major obstacle in the manipu 
lation of the molten weld pool. Our difficulties with this 
oxide slag have been relieved through the use of strong 
fluxes, and, more recently, by the use of the inert-gas 
shielding atmosphere to prevent excessive oxidation from 
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taking place. The affinity which aluminum holds for 
oxygen is even a problem in spot welding where it is 
necessary to remove the thin, invisible oxide film that is 
ever present on the surface of aluminum sheet by scrap- 
ing, sanding, or chemical treatment to avoid the erratic 
electrical insulating effect of the oxide film. 

The latest standard temper designations for aluminum 
and aluminum alloys, and indicating the special properties 
or condition of the material, are described in detail in 
the following table: 


Temper Designations for Aluminum Alloys 


Symbol Meaning 
EC Electrical conductor purity 
F As fabricated 
oO Dead soft annealed condition (recrystallized) 
H Hardness obtained through cold working The letter 


H designation is followed by one or more digits 
indicating the nature of the hardening operations 
and the final degree of strain hardening 


H1—Strain hardened only 
H2—Strain hardened and then partial annealed 
H3--Strain hardened and then stabilized 


Additional digits to indicate final degree ; intermediate 
numbers are permissible 

2—Quarter hard temper 

4—One-half hard temper 

6—Three-quarter hard temper 

8—Full hard temper 


9—Extra hard temper 


W Solution treated condition (870° to 980° F, water 
quench) Unstable temper 
T l'reatments to produce stable tempers with or without 


supplementary strain hardening 

2 nnealed (cast products only) 

r2—A led t product ly 
T3—Solution heat treated and then cold worke« 
I Solut heat treated 1 tl | ked 
T4—Solution heat treated 

r'5—Artificially aged only 


T6—Solution heat treated, then artif 


reated, then stabilized 


r8—Solution heat treated, cold worked, and then 


ition heat treated, artificially aged, and then 


ALLOYING ELEMENTS IN COPPER 


The number of alloys using copper as a basic metal 
probably exceeds that of any other metal, which is under- 
standable when we consider that copper has been in the 
hands of mankind for more than 5000 years. This would 


seem to be ample tine to fully « 
of improving this element by t 


xplore the possible ways 
4 loyin strangely 
enough, we tind new copper! illoy “ing d 


leveloped each 


year. Copper is another metal an advantage 
over iron inasmuch as it is resistant to atmospheric 


corrosion. When exposed to an oxidizing environment, 
copper slowly forms a protective oxide coating which is 
green in color and somewhat thicker than the films which 
we have described as forming on stainless steel or alu- 


minum. This coating on copper is called the patina, 
When heated in an oxidizing atmosphere, copper forms a 


protective film of black coppe! oxide 

The atomic weight of copper is 64 and its melting 
point is 1981° F. The crystalline structure is face- 
centered cubic at all levels of temperature The metal 


exn 


1 
its good malleabil 


I vy, and high thermal and elec trical 
conductivity. Copper displays a solubility for oxygen 
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r10—Artificially aged and then cold worked 4 
4 
] 
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and will absorb a quantity of this gas if it becomes avail- 
able during a melting operation. Dissolved oxygen is 
not desirable where the copper must have maximum 
ductility. Also, if oxygen-bearing copper is heated above 
1300° F in a reducing atmosphere, the reducing gases 
(Hz or CO) will be absorbed by the copper and will react 
with the oxygen already present. Sufficient pressure will 
be developed by the products of this reaction to rupture 
the copper at the grain boundaries and so render the metal 
defective. 

Obviously, we cannot devote the space required to de- 
scribe the influence of each of the many alloying elements 
which are used to make up the hundred or more copper 
alloys. Therefore, we will only define the general types 
of copper alloys and the elements which make up their 
composition. 


Copper 

Copper is usually produced by electrolysis. The cath 
ode bars (99.9 percent purity) may be sold as electro- 
lytic copper, or may be refined by various melting opera- 
tions. During the melting, sulphur and other residual 
impurities are removed from the metal, and the oxygen 
content is adjusted to a level where the liberation of 
oxygen during solidification will compensate for shrink- 
age during freezing. The latter is a practical method of 
avoiding pipe or shrinkage cavities. Refined copper 
(containing about 0.05 percent oxygen) is called tough- 
pitch copper. By adding phosphorus or silicon to the 
metal, a deoxidized copper is obtained. This type has a 
marked shrinkage upon solidification, but is not subject 
to the difficulties caused by dissolved oxygen. 


Brass 

Zinc is the element which we add to copper to form 
brass. The chief difficulty in welding brass is the loss of 
zinc from the metal by evaporation. Zinc melts at 787° F 
and boils at 1665° F. In describing the oxy-acetylene 
welding process in Chapter 3, it was mentioned that an 
oxidizing type of welding flame was employed on brass 


because the thin film of oxides, which would always be 
present on the surface of the molten metal, hindered the 
evaporation of the zinc. Another way to overcome this 
difficulty in melting and welding brass is by further alloy- 
ing of the metal to help form a more efficient protective 
oxide film on the surface of the melt. Elements which 
can form a film of this kind are aluminum, chromium, 
vanadium, beryllium, manganese, and silicon. However, 
aluminum forms a film which is too refractory and can- 
not be fluxed; manganese oxicle does not offer- sufficient 
protection ; but silicon performs in excellent fashion and 
is often added for this purpose. 

Besides elements added to prevent loss of zinc during 
melting, brasses may contain further alloying elements to 
obtain special properties. As examples, tin will improve 
strength and ductility, lead will promote free-machining 
properties, and nickel will increase the strength and im- 
prove the corrosion resistance against salt water and 
other media. 


Bronze 

Originally, the name bronze was applied to alloys of 
copper and tin. Of course, like brasses, tin bronzes were 
soon alloyed further to obtain special properties. In 
some alloys zine was added, making it difficult to class 
the alloys as a bronze or a brass. Now we find alloys 
which may or may not contain tin and that are also 
called bronzes. Aluminum bronzes may contain from 4 
to 10 percent aluminum. They exhibit very good corro- 
sion resistance and can be hardened by heat treatment 
Other bronzes in use today include those of manganese, 
nickel, silicon, and silver. 


SUGGESTED READING 


The Alloying Elements in Steel, by E. C. Bain, 1939 
American Society for Metals. 

Ferrous Metallurgy, Volume III, by E. J. Teichert 
1939, The Pennsylvania State College. 

Vetals Handbook, 1948, American Society for Metals 


Henry, Claussen, Linnert—Welding Metallurgy 


THe WELDING JOURNAL 


- 
4 
i 
q 
3 
? 
‘ 
3 
‘ 
a 236 
< 


Are Welding in 


by E. Di Liberti 


HE railroads were pioneer users of 
are welding and have continually 
applied new developments and im- 
provements with a view toward decreasing 
the cost of maintenance and new con- 
struction. Because of the numerous 
regulations, limitations and expense in- 
volved, the use of arc welding by railroads 
has expanded primarily because of the 
inherent faith in the process by the ‘“weld- 
ing minded” few in the early days. This 
pioneering spirit has succeeded in con- 
vincing many of the “opponents” and 
“die-hards” that welding can provide not 
only economical repair and construction 
but also superior long-lived new equipment 
for higher speeds and at lower cost. With 
this common purpose in mind, the efforts 
of the welding industry have also been 
directed toward improving the various 
welding processes by diligent research, 
The past decade has seen the most rapid 
expansion of welding by the railroads 
This was precipitated by the wartime 
needs and the demands imposed by the 
large programs for replacement of rolling 
stock. To meet 
builders and locomotive constructors had 


these demands car 
to resort to the most rapid and economical 
processes for manufacturing this new 
equipment. The advent of the all-welded 
ear, while not new to a small segment of 
the railroad industry, was a revolutionary 
change because of the tremendous scale 
These 


welded cars have demonstrated the ad- 


with which it has been introduced 


vantages of not using old style riveted 
construction and should be used as a mile- 
post to further improve welded railroad 
equipment 

‘ar designs 


Unfortunately, some of the 
being used at present are simply riveted 
designs from which the rivets have been 
eliminated and welds substituted at the 
discretion of the shop The reason for 
this is understandable in that many car 
programs were liter illy converted over- 


night from riveted to welded construction 
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allroad Shops 


® The rapid changeover from the riveted to the welded 
railroad car has led to the mere substitution of welding 
for riveting instead of a design where welding can be 
used to give the best and most economical structure 


This was done in the face of ever-increas- 
ing orders and a shortage of skilled and 
experienced personnel In spite of these 
difficulties many thousands of well-built 
cars have been produced However, 
the need for design changes on such short 
notice did not permit adequate studies 
to be made with the result that many of 
ivailable from welding 


were not fully realized 


the advantages 
The importance 
of good design for welding cannot be over- 
emphasized. Constant efforts must be 
directed toward utilizing the knowledge 
gained not only from building welded 
railroad equipment but also from building 
ships and other welded structures De- 
signers must learn to provide the best de- 
signs and procedures for welding their 
products at the lowest possible cost. This 
requires the utmost cooperation between 


the engineering department and the shop 


Section through lower sill of 
original design used 


Fig. 1 
gondola car; 
rivets as shown by dotted lines 


An example of a design that is simply a 
transition from riveted construction is 
shown in the following illustrations 
This particular design is considered faulty 
not only from a technical potnt of view but 
also from a production standpoint in that 
considerable difficulty was experienced in 


completing the job. Figure 1 shows a 


section through the lower sill of a gondola 


car This arrangement gave satisfactory 
results with rivets and was welded as 
shown by eliminating the rivets. The 
sides were fabricated and put into position 


without diffieu Llowever when the 
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| 
Fig. 2 Plan view of floor plates in 


gondola car showing fit-up difficulties 
caused by clamping flanged edges to 
side sheets 


plates were inserted the 


flanged floor 


troubles began inaccuracies 


in the flanging operation the floor plates 


had poor fit-up as shown in Fig. 2. The 
gaps in the floor plates tapered from a tight 
butt to openings of * , Or ain Consider- 
able expense was involved in filling up 
» have a flush floor 


these gaps so as te 
surtace 

An improvement can be made as shown 
in Fig. 3 This irrangement eliminates 
the flanging operation and the fillet weld 
it the floor plate is easier to make than 
on the flanged edge where poor fit-up gave 
trouble \ saving in welding and weight 
can be made in that the weld at the bot- 
tom edge of the side sheet can be elimi- 
nated and the double thickness of metal, 
side sheet and floor flange can be elimi- 
nated. In addition the fit-up of the 
floor plates can be greatly improved be- 
cause the plates « in be gas cut or sheared 
to size with greater accurn Some cor- 
rosion difficulties can be decreased in that 
the open space or pocket between the 


flange of the floor sheet and the side sheet is 


elimin iter 


4— 


4 


Fig. 3. Design modified for welding 
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A competent designer has offered the 
following suggestion with regard to de- 
creasing weight The 
customary stiffener for side sheets is a 


and saving cost. 


modification of that used with rivets, as 
shown in Fig. 4. Some weight saving has 
been realized by eliminating the rivets 
and shortening the toe of the flange. By 
using a rolled Tee section as shown greater 
stiffness can be achieved, a hot-pressing 
operation eliminated and the stiffener can 
be attached with less clamping than the 
“hat shaped” section. 

The next example, Fig. 5, shows how 
cracking troubles can be avoided by care- 
ful design. In welding the center plate 
to the bolster cracking difficulties were 
experienced because of cracking through 
the welds. 

By increasing the width of the belster 
to permit the weld to be made to the flat 
surface cracking can be avoided. On a 
production job of this type the weld must 
be made with a large diameter electrode 
in a single pass. In the original design, 
this meant that the weld could not be made 
to penetrate to the root. This trouble is 
eliminated in the modified design. 

A related example to further show the 
effect of sharp corners and the inherent 
cracking troubles encountered is shown 
by Fig. 6. 

A large number of cars were cracking the 
center sill from the draft gear pocket as 
shown. Upon examination it was found 
that the center sills had been cut very 
carelessly with a hand torch so that instead 
of having a nice smooth radius, the ends of 
the pocket were simply a series of jagged 
corners. The resultant stress e4ncentra- 
tion from these jagged edges were respon- 
sible for the center sills cracking after 
only several months of service. 

From these few examples it is easy to 
recognize that in many cases the difference 
between a poor and satisfactory design is 


la 


Fig. 5 
caused cracked welds. 


Upper left, “hat-shaped™ member attached with rivets. 
proved design using tee section welded to side sheet 


Fig. 6 Sketch of end of center-sill 
showing ragged cut and cracks that 
radiate from draft gear pocket 


only slight. Yet these slight differences 
determine whether a job can be properly 
and economically fabricated or not. 

Are welding electrodes are an important 
link in the welding chain and have been 
the object of a tremendous amount of 
research and development. To some the 
importance and value of an electrode 
coating is not fully appreciated. This is 
evidenced by the common question “Why 
are there so many different types of elec- 
trodes and why can’t we use one type for 
all work?” 
source of this question is storekeepers and 
However, the 
same thought is also in the minds of many 
men directly connected with the welding 
industry. 
the array of electrodes offered today can be 
confusing to many confronted with the 
task of selecting an electrode for each job. 
But it must be remembered that arc 
welding has grown out of its short pants 
and the old dilemma as to whether a weld 
was going to be strong enough to hold the 
pieces together has been supplanted by 
very specific requirements for mechanical 
properties and operating characteristics. 
The “growing up” process has introduced 
many requirements that can 
only be met by the large number of spe- 


Of course, the predominant 


purchasing departments. 


It is easy to appreciate that 


complex 


cialized electrodes designed for these re- 
quirements. As long as there are so many 
different kinds of jobs to be done there is 


ect 


| 


Left, section through bolster and center plate showing gaps which 
Right, wider bolster provides better fit-up for single pass 


welds 
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Fig. 4 Sections through side sheet stiffeners 
Upper right, “hat-shaped” member welded in place. L 


wer center, im- 


little hope for the perfect all-purpose elec- 
trode that can do all the different jobs 
satisfactorily. 

The railroads have accomplished a great 
deal with the relatively few types of elec- 
trodes normally carried as stock items, the 
6010's and £6012’s. However, more of 
the newer specialized types can be found 
in railroad storerooms now. 

Because the problem of selecting elec- 
trodes is so important in assuring good 
welds it is worth reviewing the subject 
briefly. As 
importance of an electrode covering is not 
There are 


mentioned previously the 
always completely understood. 
several basic functions that an electrode 
covering is expected to control. 

In the first place, the covering is ex- 
pected to control the mechanical and 
chemical properties of the deposited weld 
metal. But 
composition largely determines the mechan- 


even though the chemical 
ical properties, the amount of impurities 
such as slag and oxides can seriously in- 
fluence the mechanical properties. For 
that reason a covering should provide weld 
metal that is free of injurious impurities. 

In addition to providing adequate cover- 
age of the molten weld metal so as to 
control porosity, the nature of the weld 
metal protection should be that 
cracking difficulties in the heat-affected 


such 


zone are eliminated. This is a recent 
innovation in the electrode field and comes 
from the introduction of the low hydrogen 
type coverings. 

The last and most important factor from 
an application point of view is the function 
of an electrode covering to control the 
These  char- 


usability characteristics. 


acteristics are the ones the welder is 
particularly concerned 
difficult to define. 
ability of the weld metal to wet the surface 
of the plate, fluidity, rapidity with which 
the weld metal freezes and the force and 
stability of the are are involved. 


about but are 
Such things as the 


While all these factors are involved, it 
would be extremely confusing to select 
electrodes on the basis of these factors. 
For that reason the AMerRIcCAN WELDING 
Society has concentrated so much atten- 
tion on electrode specifications which have 
succeeded in eliminating much of the con- 
fusion that would exist without these speci- 
fications and classifications. 

In spite of the simplification that has 
resulted, there is occasional confusion pre- 
sented by the wide variety of electrodes, 
particularly when two or more types seem 
to do the same job. This can be clarified 
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Fig. 7 


by a proper understanding as to why sev- 
eral types ol electrodes seem to perform 
well on the same applic ation. The fol- 
lowing example is typical 

\ large railroad uses different electrodes 
to patch fireboxes in each of its major 
shops. The repairs are made in the usual 
manner in that the portion of sheet to be 
replaced is cut out with an oxyacetylene 
torch The cuts are made between the 
rows of staybolts, and the fireside edges 
of the fitted patch and existing sheet are 
beveled to form an included angle of 60 
Figure 7 shows a new patch on the firebox 
door sheet bolted in position and tacked 
and Fig. 8 shows the welded patch. Ef- 
forts are made to maintain a ein. root 
opening One shop uses 6010 electrodes 
for welding these patches whereas another 
shop on the same railroad uses E6012 
Fach shop is doing a satisfactory job and 
the reasons for prelerring the spec he type 


readily understandable 


of electrode are 


New patch on firebox door sheet bolted in position and tack welded 


The shop using the £6010 type electrodes 
has skilled 
patches within close limits so that welding 
with the E6010 electrodes can be don 


boilermakers that can fit 


readily 


The second shop, while of large size, is 


in a remote area and apparently suffers 


from a shortage of personne] with the 
degree of skill available in the main shop 


This lack of skill manifests itself in the 
form of poorly fitted patches with root 


considerably Fur- 


openings that vary 
thermore the skill of the welders is such 


that difficulty is experienced with the 


harsher are and more fluid weld metal of 


the E6010 electrodes but thev succeed 


in obtaining a workmanlike job with 
6012's that have easy handling proper 
ties especially on poor fit-up work This 
case shows that by selecting the electrode 
on the basis of operating characteristics 
alone many difficulties which stem from 


factors unrelated to electrode selection can 


Fig. 8 Patched firebox sheet, showing finished weld 
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be overcome and each type of electrode 


seems to perform satisfactorily. The 
shop with the less-skilled personnel learned 
to overcome their difficulties by selecting 
electrodes on a trial-and-error basis but 
the general situation would probably not 
exist if the railroad had unified welding 
supervision. Unfortunately the railroad 
management has not recognized the im- 
portance of good welding supervision and 
as a result welding has been relegated to 
the rank of a part-time job for supervision 
by other trades. Centralized supervision 
would assure more uniform practices in 
the widely dispersed shops of a railroad 
and has the advantage of resulting in better 
work because the responsibility for weld- 
ing is in the hands of welding personnel. 


This would also a 


ure that operators 
would be properly trained and qualified 
to perform the type of work required 
regardless of the type of electrode speci- 
fied 

The type ol electrode to be used on 
fireboxes has been the subject of much dis- 
cussion | 
the E6010 and E6012 can 


A discussion of the char- 


uut as shown by this railroad both 
provide satis- 
factory results 
acteristics of these two types of electrodes 
mav be of value 

As is known, the E6010 type provides 
high-quality weld metal deposits which in 
general are superior to the E6012 type. 
However, the greater difficulty of applica- 
tion because of the harsher are and more 


fluid weld metal, together with the lower 


current handling capacity as compared 
with E6012 tend to make the 6012 the 
more desirable from a production point of 
view While the 


E6012 electrodes are 


reputed as having poorer quality of weld 
metal, recent advancements in this type of 
electrode show that clean deposits with 
mechanical properties that ex eed those 
£6010 will certainly make the 


These 


together with efforts to 


of the 
16012 a stiJl more favored type. 
developments, 
provide electrodes of the EXX12 type 
low-alloy 


that match the high-strength 


steels will permit better d lighter designs 


of cars 


The introduction of low-hydrogen type 


electrodes has created rather widespread 


this type of electrode in 


appli itions | 


railroad shops. Without venturing into 
the reasons why superior weld metal de- 
posits are obtained where the hydrogen 
content of the are atmosphere is reduced, 
we know that if a job has been properly 
welded with low-hydrogen electrodes the 
resultant weldment is the best that can be 


obtained at the present tin This is in 


addition to the many other advantages 


such as the ability to weld steels of higher 
hardenability than ordinary mild steels 
and steels of the free-mac hining high- 
sulphur type 

One of the earliest applications ol low- 
hydroge n electrodes was to replace stalh- 
less types for welding high-carbon wear 
plates to car trucks. As is customary 
with any new item, ventursome welders 
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tried the low-hydrogen electrodes on 
many other applications. One of the 
most successful of these trial-and-error 


applications is in the welding of broken 
locomotive frames with low-hydrogen 
electrodes. While some may question 
the need for low-hydrogen electrodes for 
locomotive frames, the higher strength, 
ductility and shock resistance have been 
proved on at least one railroad by giving 
better service results. 

The introduction of the Diesel locomotive 
has been responsible for many changes in 
railroad shops. The repair and mainte- 
nance of diesels is radically different from 
the practices used with steam power. 


However, the welding problems while 
possibly more complex and difficult are 
being mastered rapidly. The repair of 
frames, trucks, draft gear and cabs are 
straightforward operations that follow 
standard practice. Many fabricated Die- 
sel engine frames are repaired by careful 
control of procedures to thoroughly dis- 
tribute stresses induced by the repair. 
For example the replacement of stiffener 
partitions and insertion of a patch on an 
engine which “threw a connecting rod” 
was performed in «a very straightforward 
manner. 

Needless to say, many components of 
Diesel engines are being carefully studied 


in order to reduce the maintenance costs 
For example, the rebuilding of worn ring 
grooves on aluminum pistons is accom- 
plished by many railroads with considey- 
able savings. This operation is currently 
performed by the “Heliweld” (tungsten- 
are inert-gas-shielded ) process. However, 
the Aireomatic process applied automati- 
cally appears to offer even greater speed 
and economy in rebuilding these pistons. 

These new inert-gas-shielded arc-weld- 
ing processes are becoming absolute 
necessities for the construction and repair 
of many stainless, aluminum and non- 
ferrous components as used in late model 
passenger and dining cars 
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Ideas for Designing Bases 


® Here are some thought starters on welded design furnished 
through the courtesy of The Lincoln Electric Co., Cleveland, Ohio 


HE following ideas suggest simple details that can 
be adapted for building rugged, durable machinery 
bases at low cost These ideas may be readily 

modified to suit all requirements of loading, appear- 
ance and available equipment in the shop for low-cost 
fabrication. 

A simple base having side members of sheared plate 
and foundation members of plain rectangular steel is 
shown in Fig. 1. The rounded corners on the founda- 
tion member are made by flame cutting the ends of the 


rectangular steel strips. 


OUTSIDE WELD BEAD 
ROUNDS OUT SHARP 
CORNER 


AND BEND 


NOTCH LEG OF CHANNEL“ 


™ 
~ 


FIG.2 


Marcu 1950 


The corners can be simply butted or positioned as 
shown. 
Figure 2 illustrates the use of simple channel in 


fabricating the foundation member. Rounded corners 


BEAM 


CUT AND BEND 
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are achieved by cutting the channel in either one of the 
ways shown and welding. 


The foundation member can also be produced from 
I-beams as in Fig. 3. Here again, clean, modern ap- 
pearance is easily produced by flame cutting the I-beam, 
bending to form and welding in steel inserts. 


Both the foundation and side members can be incor- 
porated in a single unit by utilizing bent plate construc- 
tion as in Fig. 4. With this design a minimum amount 
of welding is required. 


Where the foundation member can be a solid flat plate 
ra and side members fabricated from bent plate, the con- 


FIG.5 struction shown in Fig. 5 can be incorporated. This 
ZZ design is often followed where totally enclosed or boxed- 


ge" ZA 7 in construction is required as in oil or coolant reservoirs. 


Another construction often adopted iy fabri- 
cated machinery bases is the use of flame-cut end mem- 
bers and bent side members (Fig. 6). 


Various types of stiffeners are utilized in the design 
of machinery bases. Properly applied, stiffeners pro- 
vide reinforcement for localized stresses that otherwise 
might require heavier and more costly machine base 
members. Figure 7 (A) shows the use of a corner 
stiffener. This is a triangular-shaped piece welded to 
the channel foundation member to provide extra 
strength at the corners. (8) illustrates a triangular 
stiffener used to support side members of the base 
where unusually heavy loads are concentrated. (C) is 
an example of plain rectangular steel strips used to 
reinforce the side walls. (D) shows a corner stiffener 


of triangular plate to give added support to overhang- 
ing frame members. 
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Different types of lifting devices are fabricated and 


welded to machinery bases. An eye bolt, Fig. 8 (A), 
is welded to a rectangular steel block that is in turn 
welded to the foundation member. <A flame-cut hook 
(B) is fillet welded to the web of an I-beam or to the 


sides of a channel or directly to the side member itself. CHANNEL 


Where a rope sling is to be used in moving the machine, 


heavy wall pipe can be fillet welded to the foundation 


member as in (C). (D) shows the detail of a lifting 
bolt. The member is made from round or square 
steel bar bent in a “U”’ and welded. 

With are welding, hubs or bosses used for operating 


and control mechanisms can be easily positioned in any 


desired location. Steel disks or washer-like members 
can be fillet welded to the side walls as in Fig. 9 (A 
Where added bearing is necessary, a steel bushing can 
be used as in (B). Steel housings for plain or antifric- 
tion bearings can first be rough machined and then fillet 
welded to the side members as in (C). Hold-down or 
leveling pads can be made in several ways, some of 
which are shown in Fig. 10. Asin (A) asolid block can 
be welded to the foundation member or a formed L- 
shaped piece used as in (B). Where the base is to be 
supported on individual pads, the block (A) or L- 
shaped piece (B) can be positioned below the bottom 
of the foundation member or rectangular pads welded 
to the bottom of the foundation member as in (¢ In 
cases where space restrictions are enc ountered, a recess 
can be used as in (D) providing outside access to hold 
bolts or leveling screws 

Pads for attaching auxiliary equipment can be readily 
adapted as in Fig. 11 (A) shows plain pads that can be 


predrilled and tapped for mounting motors or pumps 
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In (B) are typical hinge members for holding doors and 


formed steel fillet welded to the side member of the 
base. 


Clothes Drier 


covers. (C) shows a simple mounting bracket of 
by J. A. Warren 

: HIS collapsible clothes drier is the answer to a busy 

; wash day. It is easy to make, and easy to set up 

‘ 

and take down. 


The center post is made from 1'/,-in. pipe. It 
‘rests in a socket made from 2-in. pipe sunk upright in a 
A collar made from 2-in. pipe 
slides along the center post. Eight '/:-in. washers, 
through which the arms are bolted, are brazed to the 


small concrete base. 


J. A. Warren is with The Linde Air Products Co., Minneapolis, Minn 


(6) Ye" Diam Holes Equally Spaced. 
Cowntersink on Each End 


%" Welding Rod 
%6' Welding Rod 


2"Aipe 


Concrete 


234 Practical Welder and Designer 


Pipe 


collar. Another collar made from 2-in. pipe is brazed to 
the center post. It keeps the sliding collar in place. 

The arms are supported by braces made from welding 
rod. The braces are 3 ft. long and are held by washers 
brazed to the center post. 

A */sin. pin supports the extended arms. It extends 
through holes in the center post. After the wash is dry, 
this pin is removed. The collar slips down, and the 
arms fold up. The drier can then be put away until 
next wash day. 

The 2-in. pipe in the ground is threaded for a cap. 
The cap screws on the pipe and keeps out dirt and wa- 


ter. 
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How to Bronze Weld 


by C. H. Wanamaker 


rod it’s called bronze 


TELDING 


welding or braze welding 


with bronze 


is the easiest way to 


join steel, cast Iron, malleable iron and many other 


metals. It. is easy to do because you use a low 


heat and usually you do not need to preheat the part 


The important things to remember when you bronz 


weld are to clean the part thoroughly and to heat the 


metal only as a dull red. ‘This means that you must re- 


rust oxides from the bev- 
The top and 


move all oil, grease, seale or 


eled edges or the facing edges of the part 


bottom surfaces should also be cleaned for about in 


back from the edges. You can do this cleaning with a 


grinder, wire brush, file, emery cloth or steel wool. 


The surface of the edges to be welded must also be 


This means that 


cleaned chemically with a good flux 


you need flux on the rod for tinning and you must dip 


the rod into the flux can often during welding. 


PREPARING THE EDGES 


When the metal is more than '/s In thick, the edge 


C. H. Wanamaker is connected with The Linde Producta ( 


* Bronze welding is also called aze we 
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of each part must be beveled to a 30 to 15° angle. 
This beveling helps you to get complete pene tration to 
the underside of the weld. For thinner material all you 
have to do is clean the edges 
and machining are suitable 


Grinding) chipping 


methods for beveling the edges However, if the part 
is enst iron. these methods may smear the graphite pres- 
ent in the casting and make it difficult to get proper 
tinning. The graphite can be removed by quic kly heat- 
ing the edges to a dull red with your blowpipe, then 
cleaning them with a wire brush when they are cool 

The broken spoke of the steel wheel in Fig. 1 is an 
example of one of the easiest repair jobs First, clean 
the spoke ends and the rim thoroughly. Seratch the 
metal clean and remove all oil, grease, rust and seale 
from the ends of the spoke and from the inside of the 
rim near the spoke \ stiff wire brush or steel wool will 
doa good job Now choose a small size welding tip and 
adjust the blowpipe flame so that it has a slight excess 
of oxygen 

Set the spoke ends togethet Hold the inner cone ol 
the flame about '/, to in. awav from the rim and 
heat the spoke and a small area ot the rim. ‘The inner 


part 
At the 


cone is the small whit of the flame at the end of 


the welding head me time heat the end of the 
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)a half dollar with the spoke at its center. 


spoke still attached to the rim. 


Fig. 1 Clean the spoke ends and inside of the rim with a 


file or steel wool 


Fig. 2) When the rod tins properly, form a puddle about 


the size of a dime 


welding rod and dip it into the flux. When the rod is 
hot the flux will stick to it. 

The heated spot on the rim should be about as big as 
Direct the 
flame at the end of the loose spoke and the end of the 
When the rim and the 
Place 
the welding rod on the heated spot where the spoke 
ends meet. The flame will melt the rod, and the bronze 
will flow smoothly onto the heated spoke ends and the 
rim. This is called tinning. 

If the metal is too hot the molten bronze will boil 
and roll around like water on a hot stove. A gray 


spoke ends turn a dull red, you are ready to weld. 


Fig. 4 Here the operator is beveling Fig. 5 


a broken machine part 
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When you get good tinning, 
form a puddle and add welding rod 
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Fig.3 Deposit enough welding rod metal to join the spoke 
ends and to let weld metal flow onto the rim 
smoke coming from the bronze indicates that it is 
burning. Draw your blowpipe back several inches, let 
the metal cool slightly and melt the rod again. If the 
molten bronze forms small balls and does not tin, the 
rim is too cool. Move the flame closer and get more 
heat in the metal. The bronze will not tin properly 

if the metal has not been cleaned properly. 

When the rim and spoke ends tin, hold the end of 
the welding rod against the spoke. The rod will melt 
and form a small puddle. Keep the rod in the puddle 
and move it in small circles to get weld metal on the 
spoke. 

Move the blowpipe and rod slowly around the spoke 
and keep adding molten metal from the rod. Be sure 
that the spoke ends and the rim are at the proper tem- 
perature before the molten metal flows on to them. If 
your welding rod sticks in the puddle do not jerk it 
loose, just melt it loose with the flame. The job is 
finished when you have circled the spoke and joined 
the spoke ends. Weld metal will flow onto the rim 
and serve as reinforcement. Clean off the flux with a 
file or wire brush. 

When a casting breaks in two or more pieces repairs 
can be made by butting the pieces together and making 


the weld. Here is an example of a job that was done 


Make the same weld on the 
Here is the finished job 


Fig. 6 
other side. 
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Fig. 7 When there are several broken pieces, make tack 
welds to hold them in position 


that way. This is also an example of a job that needed 
a bevel because it is more than '/s in. thick. 

Bevel the edges on a thick part like this on both sides 
for about '/; the thickness with a file or on your grind- 
ing wheel. This will leave metal in the middle. Be- 
cause this is cast iron there is also another prewelding 
job. After you grind the surfaces, heat them to a dull 
When they cool slightly, 
over them with a wire brush. 


red with your blowpipe. go 
Clean the metal around 
the break for about 1 in. on each side. 

Fit the broken ends together and support them so 
they do not sag. Connect a medium-size welding tip to 
your blowpipe and again adjust the flame so that it 
has a slight excess of oxygen. Heat the metal on both 
sides of the break until it turns very dark red. Then 
put the end of the welding rod on the hot metal and 
start to melt the bronze welding rod. Do not forget 
to dip the heated rod end in the flux can first. 

If you did a good cleaning job the molten metal will 
flow smoothly onto the heated metal and down into the 
vee like water on clean glass. Of course you must watch 
If it is too hot, the 


molten bronze will boil and if it is too cool the bronze 


the temperature of the metal too 


rod will form small drops. Draw the flame back or 


come closer to the work to get the right tinning action 


but do not melt the casting 


When the molten bronze starts to tin, keep adding 
welding rod to the puddle until the weld is slightly 
higher than the surface of the work. Let the rod metal 
get on the surface for about e in. on each side of the 
vee. Notice that the flame melts the welding rod, and 
keeps the puddle at the right temperature. It also pre- 
heats the metal ahead of the puddle and prepares it for 
tinning. 

When the weld metal has been built up, start to 
move the blowpipe forward slowly Raise and lower the 
blowpipe flame to keep the work and puddle at the 
proper temperature. You will notice that the metal 
ahead of the puddle tins automatically when it is at the 


When vou add welding rod, keep 


Continue to add molten welding 


right temperature. 
the rod in the puddle. 
rod and build up the weld along the vee. ‘Turn the work 
over and make the same kind of weld on the other side. 
Support the work so that it will not sag or shift when 
you weld the second side 

This job shows a repair that required a weld of only 
1'/sto2in. When the break is longer, and it sometimes 
might be 12 in. or more, you will need a tack weld at 
the beginning of the break and another at the end of the 
break. 


parts in proper alignment. 


Figure 7 shows how tack welds will hold the 
On large parts use your 
blowpipe or a furnace to preheat the broken sections 
and reduce the amount of spreading that will take 
place in the break. Start the weld at the most internal 
point and work toward an edge 

It has been found that when dirty greasy cast iron has 
been ground, some of the oil penetrates into the casting 
This hinders the tinning action of the bronze and makes 
for porosity. This can be greatly eliminated by paint- 
ing the casting after it has been prepared and right 
ready for brazing with c.p. hydrochloric acid (obtainable 
in any drugstore After the acid eats on the metal 
for 15 min., serub with wire brush and cold clean water 
After the acid has been rinsed off, start the brazing 
operation in the usual way and one will be surprised 
Might say, 


too, when the acid is applied by paint brush or cotton 


how much easier the bronze will adhere 


on welding rod, acid will boil out oily substance just 


like pe roxide on a cut or sore 


33 West 39th St. 


New 1950 Welding Handbook 
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HE internal expanding jig shown in Fig. 1 is used 
to hold sheet-metal stampings while they are being 
welded. The jig consists of two parts: the pistons 
with cast-iron blocks, shaped to fit the internal 

contour of the stamping, and a cast-iron cover which 

fits over the stamping to prevent distortion and move- 


4 


PISTON 


PEDESTAL 
BALL AND 


ML 


JIG COVER 


c 
Fig. 1 Internal expanding jig showing piston, mounting 
ks, cover and pedestal 


Sketches and data courtesy of Air Reduction Sales Co., New York, N. Y 
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Fig. 2 


Jig set up for different stampings 


ment of the stamping during the welding. The pistons 


which are mounted on a central pedestal may be con- 


trolled pneumatically, hydraulically or by means of 


simple screws. When a stamping is placed on the Jig, 


the pistons are contracted and the stamping set in 


place. The pistons are then expanded and hold the 
stamping firmly in place. A contraction and expan- : 
sion of '/ in. is usually enough to allow the stampings 


to be removed and replaced. 
To prevent distortion and movement of the stamping J 


during welding, a heavy jig cover of cast iron is made to 
fit over the stamping to hold it in place during the 
welding. At the locations were the welds are made, 
the cover is reinforced and openings made for access of 


the welding tools. 
In using this type of jig, the mounting blocks should 


always be located at the natural corners of the stamp- 


ings. This should be planned when the stamping and 


mounting blocks are designed. If this is impossible 


and welds must be made on the stamping in spots that 
are not backed by the mounting block, additional 
backing must be provided at these locations. The 
illustrations in Fig. 1 show the jig used on a rectangular 
stamping. However, by changing the shape of the 
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mounting block, the position of the pistons, and the ment may be installed at the bottom of the pedestal 
form of the cover, it is possible to use the same type of Fig. 1(B). By turning the locking handle at the base 
jig for other stampings. Figure 2 shows the jig set up of the pedestal and allowing the ball to rotate in its 
for circular, oval and triangular stampings cup, the pedestal may be tilted in any direction. When 

If it is desirable that the jig and cover be tilted to the pedestal is tilted in the desired direction, the handle 


facilitate welding, a universal ball and locking arrange- 


is tightened and holds the pedestal in position. 


by M.S. Casson 


WLAMMED furnace doors, jammed 
\ clinkers, dropped shakers all mean 

trouble for the home owner i) 
course, stove and furnace parts break only 
during the winter when heat is needed 
That is where the welding shop can step 
into the picture, because most stove and 
furnace parts can be repaired by this 
method 


When you repair stove or furnace parts 
remember that if the parts come in contact 
with the fire, such as grate bars, you must 
fusion weld with cast-iron welding rod 
Parts such as shaker bars, stove bases, 
oven doors or door lugs that are not 
touched by the fire can be braze welded 
Here are several typical jobs that should 
help vou to do similar repairs 

Figure 1 shows a stove base being braze 
welded. The crack was in a very thin 
section at the ash door First the area 
was carefully wire brushed. Then, a 
three-cornered file was used to make a 
deep vee at the smooth edge where the 
door closes In the figured metal the 
bronze welding rod was deposited in a 
thick layer to provide extra reinforcement 
The vee was filled in and then filed smooth 
so the door could close 

Figure 2 shows a draft door lift arm 
that was repaired by braze welding \ 
small vee was ground on the broken part 
and as part of the cleaning job the metal 
was heated to a dark red and allowed to 
cool This is alwavs done before braze 
welding cast iron when the edges have 
been prepared by filing or grinding. The 
broken part was positioned and tack 
welded before the final weld was made 
On a part like this it is not necessary to 
file down the excess weld metal because it 


acts as reinforcement 


M. S. Casson ix with The Linde Air Products Co, 
Philadelphia, Pa 
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Stove and Furnace Repairs 


The grate bar, s in Fig. 3, is an 


example of a part at must be fusion 
welded with cast-iron welding rod. That 
is because it will be heated by the fire and 
a braze-welded repair would be melted 
out. To make a repair like this, bevel 
and clean the broken edges to remove all 
scale and rust down to the base metal 
It is important to do a good cleaning job 
because careless cleaning will probably 
produce porous spots and blowholes in 
the weld Match the broken pieces to- 


Fig.l Hereisa stove base being braze gether and hold them in position with 
welded. 1 three-cornered file was firebrick, welding paste or one of your 


used to make a vee at the crack shop work-holding devices 

Use a slightly larger flame than you 
would use on new cast iron of the same 
thickness. Keep the inner cone of the 
flame from 1 to 2 in. from the surface and 
let the heat soak deep into the metal 
Sprinkle a generous amount of cast-iron 
welding flux in the weld area while you are 
preheating. You will find that it is al- 


most impossible to melt the metal when 


the grate bar has been used for even a short 
time When the metal at the fracture 
appears oily under the flame add molten 
metal from the welding rod You will get 
Fig.2 Onasmall part, like this draft what amounts to a tinning action, just 
door lift arm, excess weld metal acts as you do in braze welding 
as reinforcement. Do not file it off 

When the surfaces of the grate have been 
tinned” proceed as though you were doing 
any cast-iron welding job. Dip the rod 
in the flux often and continue to add weld- 
ing rod until the weld metal is about '/s 
in. higher than the surface of the grate 
bars. If gas bubbles or white spots appear 
on the puddle or at the edges, aid flux 
and direct the flame around the speck 
until the impurities rise to the top. Then 
skim them from the weld with the end of 
vour welding rod Tap the rod on the 
table to remove any impurities that stick 
to the rod 


Fig. 3 When you weld a grate bar, 
fusion weld it and use plenty of flux. 
You can skim impurities from the 
surface of the puddle with your weld- but leave as 

ing rod to act as reinforcement 


Clean the weld and grind it if necessary, 


much weld metal as possible 
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activities 


WELDING 


related events 


Member for Member Drive 


The American Society has 
launched a new Member for Member 
Drive. This is the first time in many 
years that every Member of the WetpinG 
Society has had the opportunity to 
officially assist in the campaign to secure 
new members. This drive is designed to 
secure a type of membership which will re- 
sult in the greatest benefits to the Socrery 
and the industry. Every member un- 
idoubtedly has at least one friend or ac- 
Tquaintance who would profit from affilia- 
with the American So- 
‘crery. To launch this drive President O. 
1B. J. Fraser has sent a letter to every 
member of the Soctery enclosing a bro- 
cchure highlighting the advantages of 
‘membership in the Socrery. This folder 
contains a simple application blank on the 
back. Every member securing a new 
member should be sure that his name is 
included as a proposer. In this way, 
Seredit will be given through publication in 
Tue Journat. Although the 
letter has been recently sent out, re- 
‘turns already available assure the success 
of this campaign. 


Third Edition of the 
Welding Handbook 


Publication of the Third Edition of the 
Welding Handbook has just been an- 
Dounced by the American WELDING 
Bociery This book, which has been ree- 
Dgnized as the most complete and au- 
thoritative source of information on weld 
ing, represents more than four yearsof effort 
and the experience of more than 250 ex- 
perts who have contributed their personal 
knowledge and experience and the knowl- 
edge, experience and results of research of 
their companies and many others in their 
respective fields, 

No effort has been spared in providing 
useful up-to-date information in readable 
form. The Handbook is intended to be 
equally useful as a text on welding and as a 
reference book Suggestions obtained 
from a nation-wide survey of users of the 
earlier editions have been incorporated to 
provide the data most needed by the 
welding industry 

Twenty-seven chapters are devoted to 
the more than 30 welding and cutting proc- 
esses used in industry today. Intorma- 
tion on each process covers the equipment 
used, the basic principles of operation and 
the application of the process for different 
metals and different industrial applica- 
tions, 


240 


Thirteen chapters contain information 
on the ferrous and nonferrous metals com- 
monly welded, including their general 
properties, how to weld them with the 
different welding processes and their use 
by different industries. Metals covered 
include iron, wrought iron, carbon and 
low-alloy steels, chromium steels, chro- 
mium-nickel steels, manganese steels, alu- 
minum, magnesium, copper and nickel and 
their alloys, lead, zinc, clad steels and ap- 
plied liners. 

A group of eleven chapters contains in- 
formation on design, material, workman- 
ship and inspection requirements for in- 
dustrial applications such as aircraft, 
bridges, buildings, railroads, storage tanks, 
pressure vessels and boilers, ships, auto- 
motive products, pipe lines, industrial 
piping and machinery. 

Additional individual chapters are de- 
voted to data for estimating costs, physics 
of welding, welding metallurgy, a diction- 
ary of welding terms and definitions, gen- 
eral engineering tables for shop and 
office use and welding standards, including 
welding symbols, filler metal specifica- 
tions and standard tests for welds. 

The Third Edition of the Welding Hand- 
book contains several features which are 
intended to make it more useful for ready 
reference: the arrangement of the text 
in each group of chapters, i.e., metals, proc- 
esses and applications, is the same in so 
far as possible so that the reader might 
expect to find the same type of information 
in the same relative location in each chap- 
ter within any one group, The more than 
300 tables included in the Handbook con- 
tain reference data on welding procedures, 
properties of metals, propertics of welds, 
code requirements and test results. The 
69-page index makes it possible to readily 
find specific information and related in- 
formation contained in different chapters. 
Both the index and the text itself are ex- 
tensively cross referenced. Items in the 
index have been grouped by welding proc- 
esses, by metals, by applications and have 
been further grouped by the common 
divisions of engineering such as design, 
workmanship, inspection, ete. Each item 
is also separately listed in alphabetical 
order. 

The format of the Handbook is new. 
Each page is set in two columns which 
makes the book easier to read according 
to authorities who have studied reading 
habits. The book is profusely illustrated 
with sketches and photographs of welding 
equipment, welding details and specific 
applications. A bibliography is included 
at the end of each chapter listing the im- 
portant codes, standards, books, and tech- 
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nical articles on the subject of the chapter 
for those seeking further information. 

The third edition of the Welding Hand- 
book should be useful to anyone in any way 
connected with welding whether as a 
welding engineer, welding foreman, sales- 
man, welder, designer, purchasing agent, 
inspector, manufacturer of welding equip- 
ment or user of welded products. 

Copies of the Welding Handbook 
contains 1650 pages, is eloth bound, illus- 
trated, and indexed—may be obtained 
from the American WELDING Sociery, 
33 W. 39th St., New York 18, N. Y. The 
price per copy is $12 in the United States 
and Canada, $15 elsewhere. 


which 


Mid-Southern District 
Sets Record 


The Mid-Southern District has 
achieved the distinetion of being the first 
district of the Socrery in which 100% 
of the Local Sections have appointed 
Technical Representatives. Under the 
usual active leadership of their District 
Vice-President, R. L. Townsend, this 
District now leads the field in better pro- 
viding its membership with assistance in 
solving their welding problems. 

If your Section does not have a Tech- 
nical Representative then you are not 
getting the full benefit of your membership 
in A.W.S. By appointing a Technical 
Representative you will be providing your 
Local Section with a channel through 
which you will be regularly informed of 
new technical developments and new 
A.W.S. Standards. For complete details 
Section officers should write to S. A. Green- 
berg, Technical Secretary, AMERICAN 
WELDING Society, 33 W. 39th St., New 
York 18, N. Y. 


Journal Questionnaire 


Every member of the Amertcan WeELp- 
ING Society received a copy of the ques- 
tionnaire prepared by the Welding Journal 
Committee. It is extremely important 
that each member fill in and return this 
questionnaire so as to reflect his own per- 
sonal desires with reference to the Jour- 
NAL. 

This is not a case Of “winner take all.” 
The Welding Journal Committee and the 
Editor are guided by the results of the 
questionnaire. The amount of material 
published generally is in proportion to the 
interest indicated in the particular section 
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HEARD THE LATEST ABOUT 


*‘FLEETWELD 5’’? 


The world’s favorite 
electrode is back 
. 
in the limelight again! 
Have you used ‘‘Fleetweld 5” 
lately? ... or talked to any of the 
thousands of welders who are 
using this 21-year-old world’s 
leading electrode? 
Do so and you'll discover: 
This star performer is still tops 
for bead shape, lack of slag inter- 
ference and penetration . . . the 


qualities that have made it the 


leader for these many years in 


class E-6010 welding. 


But the stellar attraction today 


is a plus value... its 


New smoothness of operation 


“Fleetweld 5” now has a smooth- 
er, more unidirectional arc. For 
every inch of rod, the arc is con- 
fined, directed right into the joint. 
Burn-off is uniform at all times. 
The arc is easter to handle at all 
currents and in all positions. 


Hence, it is easier to get smooth, 


Send for free Lincoln Welding for Mild Steel. Write 


GET 
THE FACTS 


Cleveland 1, Ohio 


uniform beads... every inch of 
the way. This uniformity gives 
improved weld metal too! 

These new advantages for the 
veteran of the shielded arc proc- 
ess have been made possible by 
Lincoln’s development of a new 
“uniformity control” in manu- 
facturing. 

Users everywhere are enthusias- 
tic about every inch, every rod, every 
shipment of “Fleetweld 5”. Try it 
and see how it gives you the answer 


to every problem in E-6010 welding! 


THE LINCOLN ELECTRIC COMPANY 
Dept. 93, 


Sales Offices and Field Service Shops in All Principal Cities 


Maren 1950 
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of the Journat by the membership-at- 


Microfilm Service 


The Amesican Wexpine Soctery, 33 
W. 39th St., New York 18, N. Y., has en- 
tered into an agreement with University 
Microfilms, Ann Arbor, Mich., to make 
available to the libraries issues of Tue 
WELDING JOURNAL. 

One of the most pressing problems fac- 
ing all types of libraries today is that of 
providing adequate space for a constant 
flood of publications. Periodicals pose an 
especially difficult problem because of 
their bulk and number. 

Microfilm makes it possible to produce 
and distribute copies of periodical litera- 
ture on the basis of the entire volume in a 
single roll, in editions of 30 or more, at a 
cost approximately equal to the cost of 
binding the same material in a conven- 
tional library binding. 

Under the plan, the library keeps the 
printed issues unbound and circulates 
them in that form for from two to three 
years, which corresponds to the period of 
greatest use. When the paper copies be- 
‘gin to wear out or are not called for fre- 
‘quently, they are disposed of and the 
Mnicrofilm is substituted. 

Sales are restricted to those subscribing 
to the paper edition, and the film copy is 
only distributed at the end of the volume 
yyear. 

The microfilm is in the form of positive 
‘microfilm, and is furnished on metal reels, 
suitably labeled. Inquiries concerning 
purchase should be directed to University 
)Microfilms, 313 N. First St., Ann Arbor, 
Mich. 


$2250 in Prizes for Papers on 
Resistance Welding—Design, 
Application and Research 


Prizes and Contest Rules 


Announcement has been made of cash 
prizes to be awarded in 1950 by the Resist- 
ance Welder Manufacturers’ Assn., 505 
Arch St., Philadelphia, Pa., for outstand- 
ing papers dealing with resistance welding 
subjects. The total amount of the awards 
is $2250, and a wide choice in subject 
matter is allowed in order to assure eligi- 
bility to all papers which cover worth- 
while and significant achievements in the 
field. The contest judges will be ap- 
pointed by the American WeELpING 
Society, and awards will be made at the 
1950 Fall meeting of the Society. Con- 
test closes July 31, 1950. The prizes and 
rules governing the contest are as follows: 

One prize of $750 for the best paper 
emanating from an industrial source, con- 
sulting engineer, private or government 
laboratory, or the like, the subject matter 
of which is concerned specifically with re- 
sistance welding. There are no restric- 
tions on the scope of the subject matter. 
For example, it may be devoted to rede- 
sign of a product or products for resistance 
welding, improvement (from a welding and 
cost viewpoint) in a present design for re- 
sistance welding, resistance welding §re- 
search, development of new procedures to 
broaden the field of application of resist- 
ance welding, etc. 
gories should explain the economic im- 
portance of the accomplishments de- 
that is, cost savings, production 
improvement, scope of application, ete. 

A prize of 3500 for the second best paper 


Papers in these cate- 


scribed 


in the above classification. A prize of 
$250 for the third best paper in the above 
classification. 

A prize of $300 for the paper emanating 
from a University source (the author of 
which is either an instructor, graduate stu- 
dent or research fellow) which in the opin- 
ion of the Board of Award is the greatest 
original contribution to the advancement 
and use of resistance welding from this 
source. 

A prize of $200 for the second best 
paper in the above classification. 

A prize of $250 for the paper emanating 
from a University source (the author of 
which is an undergraduate student) which 
in the opinion of the Board of Award is the 
greatest original contribution to the ad- 
vancement of resistance welding from this 
source. 

The contest is open to anyone, without 
restriction, from the 'nited States, its 
possessions and Canada. It is also open 
to any member of the AMERICAN WELDING 
Society in any grade from any place in 
the world. The contest is considered as 
having opened Aug. 1, 1949. In order to 
be eligible for this contest all papers must 
be forwarded so as to be delivered at 
AMERICAN WELDING Society headquarters 
no later than 5:00 P.M., July 31, 1950 
Papers which are to be presented at the 
Annual Meeting of the American WELD- 
ING Society in October may also be en- 
tered in this contest, in which case a draft 
or copy of the paper must be filed with the 
American Socrery not later 
than July 31,°1950. To be eligible, author 
must indicate paper has not been consid- 
ered previously in the contest, or shall not 
have been presented or published else- 
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with one of these 9 HAYNES hard-facing alloys 


Protect metal parts from wear the economical way—by hard- 
facing them with a Haynes alloy. These brief descriptions will 
help you select the right one for your wear problem. 


HAYNES STELLITE Cobalt-Base Alloys 
HAYNES hard - facing alloys are easy to Haynes Steciite Alloy Grade 1: The hardest of the cobalt-base 


alloys recommended for coating surfaces subjected to extreme 


apply by all welding methods: abrasive wear and slight impact. It is especially useful for 


resisting heat or corrosion combined with abrasion. 


Haynes Stectitre Alloy Grade 6: The toughest and strongest of 
the cobalt -base alloys. Recommended for coating surfaces sub- 
jected to mechanical or thermal shock. Produces sound deposits 
that will not check or crack. 


Haynes Stressire Alloy Grade 12: A hard, wear-resistant alloy 
that is tough enough to withstand shock and impact. Recom- 
mended for coating large areas where deposits free from checks 
or cracks are required. 


OXY-ACETYLENE 


Smooth sound deposits 


can be made by both HAYNES Iron-Base Alloys 


manual and automatic 
methods with HAYNES Haynes Alloy 90: Highly wear-resistant. Resists oxidation and 
bare rods, retains much of its original hardness at temperatures up to 
1,000 deg. F. Withstands moderate impact. 


Haynes Alloy 92: A moderately low melting point rod. Use it on 
thin sections where low-temperature deposition is necessary to 
prevent distortion and on large parts when preheating is difficult 
or impossible. Deposits have a hardness of Rockwell C 65. 


Haynes Alloy 93: Gives excellent service where high cold-hard- 
ness is necessary. It is suitable for applications involving abrasion 


METALLIC ARC from sand, gravel, mill scale, or other hard particles. 


Flux-coated rods, avail- Hascrome Rod: A work-hardening rod, recommended for use 
able in practically ali 
grades, provide a steady, 
quiet arc 


under conditions of severe impact. It is widely used for hard- 
facing rock and earth handling equipment parts. Recommended 
for electric application to manganese steel. 


HAYNES Tungsten-Base Alloys 


Haystrecsire Cast Tungsten Carbide: The hardest of all Haynes 
hard-facing alloys, used where utmost resistance to abrasion 
is required. Typical applications include oil-welb drilling tools, 
ditcher teeth, and coal undercutter bits. 


“HELIARC” WELDING HAYNES Nickel-Base Alloys 


This new process provides Hastretcoy Alloy C: Recommended for building up wearing 


another fast method for surfaces of hot-working steel mill parts such as hot shear 
depositing HAYNES bare , 
blades, entry guides, and shafts 


rods. 


Haynes Stellite Division 
Union Carbide and Carbon Corporation 


tas 


General Offices and Works, Kokomo, Indiana 
Sales Offices 


TRAOE MARK 


Chicage — Cleveland — Detroit — Houston 


" los Angeles — New York — San Francisco — Tulsa 
The trade-marks, “"Hoyne 
Hastelloy ond “He 


Corporation or 
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where prior to its appearance in Tue 
Wetpine Journat. 

All papers submitted in the contest be- 
come the joint property of the R.W.M.A. 
and the American Society, who 
will retain all rights thereto. The Ameri- 
can Society will appoint five 
judges, who will judge the relative merits 
of the various papers submitted and make 
the awards accordingly. The decision of 
the judges will be final. 

For the author or authors to be eligible 
for this award, the paper shall describe 
clearly original work done by them or un- 
der their supervision on resistance welding 
in any of its aspects by any method or 
process. The paper shall be a full dis- 
closure of the subject. The paper shall 
contain no statement which is unethical 
advertising or sales promotion. The 
paper may contain statements of fact, in- 
cluding the names of either individuals or 
organizations of any kind, commercial 
designations, trade names, etc. The mini- 
mum length requirement is 2500 words. 

All papers must be typewritten, double 
spacing, written on one side only of blank 
white paper. Photographs, charts, graphs, 
‘etc., may either be attached directly to the 

teopy or may be detached, in which case 
‘they should be clearly identified with 
figure numbers, captions, ete. 

Papers entered in this contest should be 
sent to AmMerRIcAN WELDING Society, 33 
PW. 39th St., New York 18, N. Y. If 
tmailed to arrive not later than July 1, 
11950, three copies should be furnished. If 
mailed to arrive between July 1 and July 
31, 1950, six copies should be furnished. 


Board of Directors Meeting 


A Board of Directors meeting of the 
American We Society was held in 
the Headquarters Room of the Hotel 
Statler, New York City, at 10:00 A.M. on 
Thursday, Dec. 15, 1949, with the follow- 
ing present: 

Members: O. B. J. Fraser, Chairman, D. 
Arnott, L. C. Bibber, R. 8. Donald, J. 
Grodrian, H. O. Hill, J. H. Humberstone, 
T. M. Jackson, C. H. Jennings, C. I. 
MacGuffie, A. J. Moses, F. L. Plummer, 
L. C. Stiles and J. B. Tinnon. 

By Invitation: T. J. Crawford, Chair- 
man, A.W.S. Detroit Section, D. Joseph, 
A.W.S. Auditor, A. G. Oehler, Chairman, 
Tue JournaL Committee. 

Staff: J. G. Magrath, F. J. Mooney and 
W. Spraragen. 


Results of Letter Ballot Regarding Adoption 
of Cautionary Wording for Use on Labels 
of Fluoride-Bearing Fluxes 


President Fraser announced the results 
of letter ballot sent to the Board of 
Directors concerning the adoption of 
cautionary wording for use on labels of 
fluoride-bearing fluxes. He stated the re- 
sults were as follows: Approved, 15; Did 
Not Approve, 6; No Reply 6. 


Approval of Minutes of September 22, 1949, 
Board of Directors Meeting 
The minutes of the Sept. 22, 1949, 
Board of Directors Meeting were approved, 
as circulated, with adjustment as follows: 
Ruie 6 of Rules to Govern Organization, 


Functions and Operations of Technical 
Committees of the American WELDING 
SocreTy was amended to read: ‘After a 
majority of the members have accepted 
appointment, the temporary chairman of 
the technical committee shall take im- 
mediate steps to elect, permanent officers 
and to initiate the work of the committee.” 


Results of Letter Ballot on Proposed AWS 
By-Law Amendments 


The Secretary announced that by-law 
amendments as approved by the Executive 
Committee on Mar. 7, 1949, by the Board 
of Directors on May 13, 1949, and by the 
voting membership on Nov. 15, 1949, in- 
dicated that of the 1073 membership re- 
turns, 977 approved all amendments with- 
out comment; 20 approved all amend- 
ments with comment; 33 voiced dis- 
approval, some with all amendments and 
others on certain amendments; 34 were 
doubtful, i.e., some indicated both ap- 
proval and disapproval while others 
signed the ballot but did not check; and 9 
were received without signature. 

In that less than a 20% rejection to the 
amendments was received, in accordance 
with the by-laws the amendments stand 
approved as submitted to the member- 
ship. 


University Microfilms Granted Right to 
Reproduce Certain A.W.S. Publications 
in Microfilm Form 
University Microfilms of Ann Arbor, 

Mich., extended an invitation to A.W.S. to 

grant them the right to reproduce A.W.S. 


IN THE RED DRUM 


EFFICIENT 


ECONOMICAL 


DEPENDABLE 


FOR WELDING and CUTTING 


Use National Carbide in the Red Drum 


Write us for information as to nearest available stock. 


60 E. 42nd St. 


NATIONAL CARBIDE 


A Division of Air Reduction Co., Inc. 
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the fast, 


low-cost wa y 


to get 
worn teeth 


back in service! 


1. Worn tooth ... 2. Pius AMSCO Tooth Repointer . . . 3. Equals like-new tooth—ready for service! 


AMSCO. tooth repointers 


@ Here's a typical example of a badly worn dipper tooth 
completely restored to service... simply by welding on the 
AMSCO Cast-To-Size Tooth Repointer. The result is like-new 
service life and efficiency, plus a long-wearing tooth of 
Manganese Steel—the steel that actually work-hardens in 
service. Cost? Far less than replacement! 

Wherever equipment has teeth that wear, more and more 
owners are using money-saving AMSCO Tooth Repointers... 
available in a wide variety of styles and sizes. 


Get all the facts! Write today for Bulletin W-10-A 
AMSCO Repointer Bars --showing complete instructions for use. 


3 teeth partially rebuilt with AMSCO ° witle 
Repointer Bars to show sectional view fe bli 

of welding method. These Repointer, 

or Wedge Bars, are also made in 


many shapes and sizes. Apply AMSCO 
Economy Hardface to the rebuilt tooth 
—for as much as 3 times longer service! R) 


WELDING PRODUCTS 


AMERICAN 


| Brake Shoe _] | AMERICAN MANGANESE STEEL DIVISION 


COMPANY 399 EAST 14th STREET - CHICAGO HEIGHTS, ILL. 
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publications in microfilm form. In con- 
sideration for this right, University Micro- 
films agrees to extend A.W.S. a royalty of 
10% of the sale price of each microfilm 
copy sold. 

The Board of Directors voted to grant 
University Microfilms the right to repro- 
duce A.W.S. publications and instructed 
the Secretary to accordingly inform this 
group of the Board’s decision. 


1. B. Hexter Appointed to Tuk WeLDING 
JOURNAL Committee 


A. G. Oehler, Chairman of Tue Wetp- 
ING JourNAL Committee, requested the 
appointment of I. B. Hexter to that Com- 
mittee. Mr. Oehler stated that Mr. Hexter 
can greatly help the work of this Commit- 
tee, if appointed. 

The Board of Directors approved the 

| appointment of Mr. Hexter to this Com- 
| mittee. 


Acceptance of Report of Minutes of Finance 
Committee Meeting Held on Dec. 9, 1949 


A review of the minutes ef the Finance 
Committee Meeting held on Dec. 9, 1949, 
indicated the following major items of in- 
terest: 

(1) A $50 (cost of which will be $37.50 
U.S. Savings Bond to be awarded by Tur 
Wetpinc Journat Committee to the 
A.W.S. member returning the most helpful 
answer as to his opinion on recent changes 
made in THe WeLDING JOURNAL. 

(2) Payment of travel and sales promo- 
tion expenses to A.W.S. advertising 
agency, The Kotula Co., for the month of 
January 1950. Previous ruling included 
payment only until Dec. 31, 1949 

(3) Purchase of both an addressograph 
and graphotype machine for office use 
These machines will cost $2509.30, less 
$85 trade-in allowance on present ma- 
chines. 

(4) Finances of Soctery do not allow 
grant of request from the Institute of 
Welding for A.W.S. donation to their 
Working Reserve Fund. 


It was voted that the Secretary assume 
M A N I F ©] L D Ss responsibility for and be in charge of 
Rugged construction and isi JOURNAL advertising solicitation in the 
OXYGEN && control 


event of severance of relationship with 
acervasee equipment give RegO manifolds long life, safe . 


° The Kotula Co. It was recognized that 
performance 
HYDROGEN ce and low maintenance this is but a temporary measure and will 


NITROGEN Continuous Operation . » » Shut-off valve at be subject to change as soon as the Jour- 
and other high each cylinder station permits removal of any NALadvertising and the Socrery’s financial! 
cylinder without shuting down entire side of condition warrant a change. The Jour- 
manifold. Master valves control each bank of — Y4t Pilitor is to be charged with the re- 
cylinders. sponsibility of maintaining records of con- 


. tracts, files, ete., for which his Department 
Unit Construction ... Header consists of steel ix currently responsible. 


I-beam, extra heavy brass pipe and fittings, 
cylinder station and master shut-off valves... © New A.W.S. Sections Officially Organized 
with all permanent connections silver brazed. The Seer : 

1e Secretary reported that the follow- 


Precision Regulation . . . Uniform delivery — ing A.W.S. sections have been officially 
pressure is assured by dual large capacity two- — organized on dates as indicated: 
Weise for 26 pase stage RegOlators. 
catalog giving Name of Section Location Date 
complete specifications, Organized 
Salt Lake City Salt Lake City Sept. 30 
Utah 1949 


Eastern Illinois Danville, Ill 


Susquehanna Val- Berwick, Pa 
ley 1944 


Richmond Richmond, Va De« 
1949 
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MONEL? 


Which electrode do you need... 


Both the “140” and “130X” electrodes are used for 
welding Monel®, but each of these rods is designed 
to do a specific job. 


For best results ... sound, strong, corrosion-resistant 
welds ...it pays to make sure you have the right rod 
for the job at hand. 


Check the following table carefully when in doubt 
...and file it for future reference! 


QUESTION e ELECTRODE e ‘'130X* ELECTRODE 


1 Which rod is right for welding solid Monel in all May be used if no “'130X" is at Best 
positions? hand. 


Which rod for overlaying Monel directly on steel? Yes No. A barrier layer of nickel 
must first be laid down. 


3 Which for joining wrought or cast Monel to steel or 


stainless steel? Yes No 


Making direct Monel-to-steel welds? Yes Ne 


Joining Monel to nickel? Yes Best 


6 What are the recommended amperages? | 3,32’ 35-60 amp. 075° 25-40 amp. 
18 70-110 amp. 3 32" 45-60 amp. 

| 5 32’ 110-150 amp. 18 60-95 amp 

3 16” 140-190 amp. 5 32” 80-150 amp 


3 16” 140-190 amp. 
1 4 170-260 amp 


D.C. Reversed polarity. 


What type of current and polarity must be used? D.C. Reversed polarity. 


Are the corrosion-resisting properties of the weld 


deposit comparable to those of the parent metal? Yes Yes 


Do the mechanical properties of the weld deposit Yes, assuming parent metal is in Yes, assuming parent metal is in 


compare with those of the parent metal? the soft-temper condition. the soft-temper condition. 


NEW PACKAGING NOW STANDARD 


All Inco welding electrodes are now supplied in special 


moisture- and shock-resistant tubular containers. 


* * 


* 


For a permanent addition to your reference files, ask 
for your copy of Technical Bulletin T-2, The Welding, 
Brazing, and Soldering of Monel, Nickel, and Inconel®. 


“ii THE INTERNATIONAL NICKEL COMPANY, INC. 
~ 67 Wall Street, New York 5, N.Y. 
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CAN YOU HEAT A HIGH PRESSURE, 
WELDED PIPE JOINT TO 1700° F, 30 
Q FEET UP IN THE AIR? 


The Smith Dolan System can EASILY 

handle this problem of Preheating Stress 

Relieving and Normalizing to 1700° F 
2 on Carbon and Stainless Steels! 


m 


Boiler down-comer partially wrapped for stress relieving. 


1. SAFE TO USE to handle that it cam be operated by fob 
EASILY APPLIED 


personnel. Because it delivers consistently 
ASSURED RESULTS perfect results under safe conditions, it 


assures you of minimum job cost. 


t It is no problem to achieve thorough heat- 


2. THOROUGH 


PENETRATION ing of heavy sections with precise control 


in minimum time. 


MEETS METAL- 
LURGICAL & CODE 
REQUIREMENTS 


Proper heating is delivered according to 
set specifications and requirements of 
Boiler and Piping codes. 


Smith Dolan Induction Heating Apparatus 
is designed and engineered with automatic 
or semi-automatic controls. Therefore, you 
obtain accurate, consistent results under 
field conditions, with a permanent record 
of each job always available. 


NEW MODEL U-P — Patented Smith- 


Dolan System, portable, low frequency in- 
duction heater, three-high stack (shown) 30 
kva—10 kva per unit. Buy one or stack 2 or 
3 for increased capacity. Buy whet you need 
—build as you gu. 


LABORATORY 
CONTROL UNDER 
FIELD CONDITIONS 


INDUCTION 
CONTROL CABINET 


used with Model U-P units (shown! 
and Model GC Duplex 120 or 150 kva 
heaters (shown in cata- 
og). 


ELECTRIC ARC can supply equipment for ANY TYPE OF JOB— 
equipment that can be purchased outright or rented. From what other 
source could you possibly obtain such wide latitude in planning for 
every job in preheating and stress relieving before welding and normal- 
izing? Today, more than ever, Electric Arc equipment is specified where 
other methods are too costly or impractical. Write for informative 
catalog. 


ELECTRIC-ARC, INC. 
161 JELLIFF AVE., NEWARK 8, N. J. 
Welding Equipment, Electrodes & Supplies 


Society Activities and Related Events 


Establishment of Advisory Committee of 
A.W.S. Past Presidents 


After discussion the Board of Directors 
upon motion, duly seconded, voted the 
establishment of an Advisory Committee 
of A.W.S. Past Presidents and to consist of 
allliving A.W.S. Past Presidents and for 
this Committee to elect a Chairman who 
will serve for a one-year term. Member- 
ship in this Committee is for life. 


Approval of President's Selection of 1949-50 
National Nominating Committee Person- 
nel 


President Fraser submitted to the Board 
of Directors for approval his selection of 
personnel to serve on the 1949-50 National 
Nominating Committee. President Fraser 
stated that he requested each District Vice- 
President to submit three names of poten- 
tial members from his district, preferably 
not more than one from any section. Such 
was done and after carefully reviewing the 
personnel selected by the President, the 
Board of Directors upon motion, duly 
seconded, voted favorably for appoint- 
ment to the 1949-50 National Nominating 
Committee the following candidates as 
submitted by President Fraser: 

H.C. Boardman, Chicago Bridge & Iron 
Co., Chicago, IL, Chairman; L. C. West, 
Empire Structural Steel Fabricators, Inc., 
Syracuse, N. Y.; C. A. Loomis, Bureau of 
Ships, Navy Dept., Washington, D. C.; 
A. E. Pearson, Ingalls Iron Works Co., 
Birmingham, Ala.; J. F. Maine, Republic 
Structural Iron Works, Cleveland, Ohio; 
R. L. Kohlbry, Machinery & Welder Corp., 
Chicago, Ill.; J. Fiegener, The Boardman 
Co., Oklahoma City, Okla.; and H. E. 
Rhoades, National Cylinder Gas Co., San 
Francisco, Calif. 


E. C. Smith Appointed to Public Relations 
Committee 


H. F. Reinhard, Chairman of the Public 
Relations Committee, requested the ap- 
pointment of Earl C. Smith to that Com- 
mittee. 

The Board of Directors unanimously 
approved the appointment of Earl C. 
Smith to this Committee. 


Membership Status Report for Three-Month 
Period Ended Nov. 30,1949 


The Assistant Secretary reported that 
for the three-month period Sept 1, 1949 to 
Nov. 30, 1949, the Soctery reported a 
gain of 424 members as against a loss of 351 
members, resulting in a net gain of 73 
members. The total A.W.S. membership 
as of Nov. 30, 1949, was 7264 members. 

During the first 14 days in December, 
the Soctery had enrolled 101 new members 
and 90 delinquent members have remitted 
payment of dues 


Decline in Membership Deling Lency 


The Secretary observed that as of Nov. 
30, 1919, the Socrery’s delinquency was 
15.7% as against 20.5% on Nov. 30, 1948. 


Organization of A.W.S. Sections in South 
America 


A prominent member in Argentina has 
requested information on procedure for 
starting an A.W.S. section in that coun- 
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WELDING CONNECTORS 
Saxe System Welded Connection Units 
for welded assembly 
Saxe Units place in tion and securely hold togeth tructural : ‘ 
parte to be welded. A complete line of Welding Brushes 


As used in many welded structures they eliminate all hole punch . 
ing producing an economical, rigid, safe and quickly erected struc- for ALL types and makes of Welding 
tural frame 

“Write for 58 pg. Manual containing full engineering design Equipment—Keen-Arc Carbons (il- 

information for welded structures.” 
J. H. Williams & Company 
Buffalo 7, New York 
G. D. Peters Company 
Montreal 2, Canada 
Canadian Representative 


lustrated) for twin-arc torches—car- 
bon and graphite welding electrodes 
—carbon rods, plates and paste—a 
complete line of replacement brushes 


for all motors and generators... 
plus the facilities and engineering 


NET MONTHLY ADVERTISING RATES 
Black and White Effective July 11, 1947 


One Three ; Six | Twelve 
| Insertion | Insertions | Insertions | Insertions 


*Full page $185 | $165 | $150 | $140. 


staff to produce any electrical or 
mechanical carbons to your specifi- 


cations. Write for catalogs. 


Sah | BECKER BROTHERS CARBON CO. 
3450 S. 52nd Ave, CICERO 50, ILL. 


“Half Page 


Quarter Page 
185 | 170 | 160. | 
10% Extra for bleed full pages. Color $65 extra ‘per color added 
Agency Commission —15% 
/ 


Cash Discount — 2%, 10 days 


Space 


- 


try. Headvisesthat the American Society 1949, the Committee voted favorably on candidates for national and section officer- 
for Metals recently organized a section in the appointment of a special committee of ship for availability to national, district 
Argentina three to be known as the “Special Com- ind section nominating committees and 

President Fraser tabled this item for dis mittee on Election Procedure The other authorized group individuals.” 
cussion of the next meeting of the Execu- President directed the Secretary to draft 


tive Committee of the Board of Directors text on the scope of activity for this Com- I 1 


mination of W.R.C. Supplement from 
mittee The Se tarv accordingly did so 1950 Year Bool 
Greater Publicity Needed for Annua ind submitted to the Board of Directors lhe Secretary stated that in past years 
Business Meeting suggested text on scope of activity for this the Sociery issued eit combined Year 
ttee my univ « 
The Secretary stated that in the past one motion, duly Book and Memibx EY OF 
onded, the Board approved of text as sub- dividual Year Book and Membership 


very little publicity has been accorded the mitted by the Secretar and as listed be- Dire 


Annual Business Meeting of the Socrery 
The attendance has been small und more 
frequently confined to Members of the 
Board of Directors with but a few ad- 


tor Due tot ial condition 


ow: the Socrery, t irectors pre- 


\ Special Committee on Election Pro- vious! ted to pssuc Book during 


ing of three members, com the 1949-50 fiscal I { t to issue a 


cedure consis 
prising a Chairman and two members, all Membership Dire 

appointed by the ident. The dutic Phe Society's | lvet is based 
of the Committee shall be the preparation the 0 Ye Lew] " ear’s cost 


ind submission to t toard of Director 


ditional interested persons. The Secretar 
observed that upon discussion of this mat- 
ter with several A.W.S. prominent mem- 
bers he found opinions divided in regard to production 
the value of publicity and larger attend- 
ance 

Mr. Fraser observed that other Socrr- 
TIES have greater ittendance at their 


membership and experience requirements stes ing tin 
Annual Business Meetings than A.W.S nation pro 


of candidates for national and section Directory 


of (a) recommendations regarding numbet id mting e that we would 
ot candidates for national officership ap xeeed our ivet were | ate our 
pearing on national nomination and /or ims irs ear ib ‘ the omis- 


election ballot 4) recommendations on ember necessi- 


does In order to gain | irger attendance at 
the Business Meeting there is a definite 
need to have some outstanding event take 


officership, (c) recommendations regarding the 1950 Year Book 


type and volume of bibliography and quali- ect 
fication pul licit on each candidate for of not including the lement in 
national officership, time of release and i of 1 r Book with W 
vehicle to be emploved for issuance to irag irect of the elding Re- 
vas ol the 
d) recommendations regarding qualifica- ‘ ion that a sati t rrangement 


plac eat this meeting 

The Board of Directors voted to refer 
this matter to the A.W.S. Program Com- 
mittee for consideration and necessary 
action thereon. 


Me mbership prior to nomination balloting 


tion requirement number status and could bet al +} ? n the order of 

Scope and Personnel of “Special Committee proj ppler luded 

tional names of indidates, other than from r 

on Election Procedure I ir | 2 .C 

Selected Dy nominating committees, mve Ww teport avall- 

At a meeting of the Executive Commit- for nomination to national or section hI i ies, if | ould be secured 

tee of the Board of Directors on Nov. 3, officership and (¢) a guide for selection of 
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Gas Welding Motion Picture 


Production will begin immediately on a 
documentary film for the International 
Acetylene Assn. This  two-reel color 
motion picture will be produced by Trans- 
film Incorporated. The film will describe 
the basie story of the oxyacetylene flame 
and show the development of welding as 
an industrial process, 

The film is to be completed and ready 
for release in April and will review the ori- 
gin of oxygen and acetylene and their com- 
bination to produce the hottest flame 
known. It will show oxyacetylene re- 
placed the old forging process for joining 
metals, 


Lincoln Electric Announces 
Factory Parts Exchange Plan 


In order to have guaranteed factory 
built stators, armatures and other parts 
ivailable all over the country for welder 
repair service at lowest possible cost, The 

’ Lincoln Eleetrie Co., of Cleveland, Ohio, 
has established a welder parts exchange 
plan. Old parts may be traded in for 

| factory-wound armatures and 

Fcertain control parts. Standard prices 

Fin effect include trade-in allowance which 
reduces the cost for these production-line 
factory parts below the cost of individual 


stators, 


local rewinding and repairing 

This service is available through the 
146 Lincoln authorized Field 
Shops in principal cities in 44 different 
Factory trained men are available 
at each of these Shops for the installation 


Service 
states 


of exchange parts at standard prices. In 
nddition to exchange parts Field Service 
Shops also provide other welder parts, 
repair preventive service and 
rental service 

\ directory of the 146 Field Service 
Shops and a complete price list for exchange 
parts with description of the plan is avail- 
able from The Lincoln Electric Co., 
(leveland 1, Ohio. 


service, 


The Aluminum Association 
Elects Officers 


At the annual meeting of The Aluminum 
Association held January 17-19 in New 
York, Ro S. Reynolds, Jr., of the Reynolds 
Metals Co., Richmond, Va., 
president for the ensuing vVear The 
following were elected vice-presidents: 
G. Grundstrom, Advance Aluminum 
Castings Corp., Chicago; M. BE. Rosen- 
thal, United Smelting and Aluminum Co., 
Ine., New Haven, Conn and George 
N Wright, The John Harsh Bronze 
and Foundry Co., Cleveland. A. V, 
Davis, Aluminum Company of America, 
New York, Wats re-elected ehairman ot 


was elected 
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the board, and Donald M. White was re- 
appointed secretary and treasurer. 

Three directors-at-large were elected to 
serve for three-year terms: A. P. Cochran, 
Cochran Foil Co., Ine., Louisville, Ky.; 
D. A. Rhoades, Kaiser Aluminum & 
Chemical Corp., Oakland, Calif.; and 
R. J. Roshirt, Bohn Aluminum & Brass 
Corp., Detroit, Mich. 

Member companies of The Aluminum 
Assn. account for all the primary alumi- 
num production in the United States and 
about 85% of aluminum semifabricated 
products 


Annual Meeting of LAA 


The annual convention of the LAA will 
be held at the Fairmont Hotel, San Fran- 
cisco, on March 27, 28 and 29. An inter- 
esting program has been developed for this 
occasion. The James Turner Morehead 
Medal for the vear 1949 will be awarded to 
James I. Banash, Consulting Engineer, 
Chicago, Ll., for his many years of stimu- 
lating inspiration, guidance and encourage- 
ment of the acetylene industry toward 
higher safety achievements. The presen- 
tation of the Medal will be made at the 
opening luncheon of the annual conven- 
tion to be held at the Fairmont Hotel, San 
Francisco, on Monday, March 27, 1950. 


New Headquarters 


The American Industrial Safety Equip- 
manufacturers of Evegard 


goggles, spectacles, helmets, face shields 


ment Co., 


and other safety equipment, announces 
that it will move its manufacturing facili- 
ties and offices to 3500 Lakeside Ave., 
Cleveland 14, Ohio, from 847 Lexington 
Ave., Brooklyn 21, N.Y. By this action 
the company will take advantage of better 
and more economical manufacturing facili- 
ties and a more central location in which to 
continue its developments in the field of 
eve and body protection. 

The new location in Cleveland will 
enable the company to make overnight 
shipment to practically any point east of 
the Mississippi River 
moving to a building with facilities de- 
signed entirely for the manufacturer of 
protective equipment, with additional 
space available for expansion. As a sub- 
sidiary of the Burdett Oxygen Co., located 


The company is 


adj wently, it will have access to the equip- 
ment, facilities and technical skill of one of 
the largest independe nt manufacturers ot 
industrial gases and welding equipment in 
the nation 

It is expe ted that the entire moving 
operation will be completed by March Ist 
The phone number in Cleveland will be 
EeN-1-7504 


News of the Industry 


Canadian Branch 
Taylor Forge 


Taylor Forge & Pipe Works, Chicago, 
has announced the formation of Taylor 
Forge & Pipe Works of Canada, Ltd 
This new subsidiary will be located at 
Hamilton, Ontario, and will augment the 
productive capacity of the company which 
now has plants at Chicago, Illinois, Car- 
negie, Pennsylvania and Fontana, Calif 
The new facilities at Hamilton will permit 
the company to participate actively in the 
Canadian market for the products of its 
manufacture. 

Taylor Forge & Pipe Works was or- 
ganized in 1900 by J. Hall Taylor who is 
Board Chairman of the company. The 
company has pioneered in the manufac- 
ture of various important engineering 
products, notably wrought steel fittings 
for pipe welding, spiral welded pipe and a 
wide range of heavy forgings for boilers, 
pressure vessels and so forth 

Operations at Hamilton will start in a 
new building now being designed to suit 
exactly the intended manutacturing. It 
is hoped that the new facility can be 
staffed with Canadian personnel 


International Harvester 
Fellowship 


The Welding Research Council has es- 
tablished two fellowships, one known as 
the Chicago Bridge and Lron Fellowship, 
and the other the International Harvester 
Fellowship. Definite rules have been pro- 
mulgated for the administration of these 
Fellowships. Total funds for any one 
Fellowship amount to $3500, including a 
stipend for the Fellow, tuition, supplies 
and the like. The International Harvester 
Fellowship has not vet been placed. Be- 
low are given the problems which may be 
undertaken by the International Harves- 
ter Fellowship. Any university, or Fellow, 
interested should communicate with W 
Spraragen, Director, Welding Research 
Council, 29 W. 39th St., New York 18, 
Subjects for Consideration in connection 
with the Harvester Fellowship sponsored 
through the Welding Research Coun 


1. The Measurement and Evaluation 
of Extremely Rapid Heating and Cooling 
Rates and Their Effect on Carbon and 
Low-Alloy Steels. 
counter extremely rapid heating and cool- 
ing rates in the spot and projection weld- 


Weld periods of 2 to 5 ey- 


It is possible to en- 


Ing: processes 
cles ( to » sec.) are quite common in 
high speed spot welding operations. A 
weld period of this general magnitude 
would give rise to heating and cooling 
rates which might be as high as 80,000° F 
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per second. The initial phase of such a 
project would probably consist of develop- 
ing instrumentation for recording such 
temperature changes. After this instru- 
mentation has been proved satisfactory, 
actual cooling and heating rates and their 
effect on the physical properties and /or 
structure probably should be studied 

2 The Physics of Flash Welding. 
There is considerable controversy concern- 
ing the relative values of the various 
sources of heat which are available in the 
flash welding process. Examples of these 
sources are the resistivity of the material, 
the electric arc, the oxidation of the ma- 
terial, ete. The initial problem would 
probably be to determine a means of 
measuring or isolating the heat produced 
by the several sources. In addition to the 
above, it is expected that this work would 
involve a complete study of the physics of 
flashing. 


Investigation of Item No. 1 would bx 
preferred by the International Harvester 


Co. at the present time 


Vosco Appointment 


The Vosco Electric Sales Co., of 11 
Court St., Newtonville 60, Mass., 
by Jim Vosburgh and Paul V. Galambos 
has been appointed Eastern representative 
for the Mir-O-Col Alloy Co., manufacturers 
of the well-known Mir-O-Col hard-facing 
electrodes and rods, covering the states of 


formed 
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Maryland; Delaware, Pennsylvania, New 
Jersey, New York, and New England 
Both gentlemen were formerly connected 
with the Glenn-Roberts Co. and have had 
vears of experience in the welding supply 


business 


Tungsten Carbide Hard Facing 
Saves Wear on Trowler Shoes 


Trowler shoes, the steel blades used in 
“troweling”’ or forming the inside surface 
ot concrete pipe, are among the shortest 
lived parts in any industrial use. Rotating 
constantly and exerting enough pressure 
‘dry-mix” con- 


to squeeze motsture out of 


Trowler shoes. 


Two shoes at left are hardfaced. 


crete, they are the victims of extreme abra- 
sion In the experience of Fowler & 
Meyers, concrete pipe makers of Somis 
Calif., trowler shoes had to be replaced 
every three hours 

As a test for resistance to wear, two 
shoes were ard faced with Amsco Tube 
Tungsite 30-40, a tungsten carbide type 
welding rod, while other shoes on the ma- 
chine were left unfaced The result of 
the test is shown in the above photograph 
The two shoes at the left were coated 

was not. The 
worn that it must 


while the one on th 

uncoated shoe is so bad 
be discarded, while the other 
rebuilt when worn, to original dimensions 
Shoes hard faced 


two may be 


and returned to service 


Shoe on right is unfaced. 


RIVET COMPANY 
CLEVELAND, OHIO 


Vews of Uv Industry 


EAST CHICAGO, 


— IND. 
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with tungsten carbide, as these have been, 
will last a full eight-hour shift, as compared 
with the unfaced shoes mentioned above 
which had to be replaced every three 
hours. They can be repeatedly rebuilt 
and kept in service. The saving in replace- 
ment parts is considerably greater than the 
cost of hard facing; and, in addition, there 
is saving in production time due to less 
frequent replacement of shoes 

For information write: American 
Manganese Stee! Division, American 
Brake Shoe Co., 389 Ek. 4th St., Chicago 
Heights, Il. 


Bell Telephone Building 


The Southwestern Bell Telephone Co. 
are owners of the latest welded-steel 
building frame to be completed in the 
City of Houston, Tex. This structure in- 
volves 1755 tons of steel in seven floors to 
be completed under the present contract, 
but the foundation design is reported to be 
adequate for seven or eight additional 
floors at some future date. Each floor 
contains 17,000 sq. ft. of space with build- 
ing dimensions approximating 125 x 140 
It 

Structural design details for this build- 
ing were worked out by R. J. Cummins, 
engineer, Houston, in cooperation with 
telephone company engineers and archi- 
tects, and the steel fabrication and eree- 
tion contract was awarded to Mosher 
Steel Co., Houston. 

All beam to column connections were 
made by butt welding beam flanges to 


WITH THE 


CONTOUR MARKER 


Compact, fits into hip pocket. 
easy to use. 


to the right can be marked off in 


labor and gas—will pay for itself in one day. 


iF YOUR LOCAL DISTRIBUTOR CANNOT SUPPLY 


YOU CAN ORDER DIRECT. 


TO CONTOUR MARKER CORP. 
1843 E. Compton Bivd. 
Compton, Calif. 


Please send me full details on the Contour Marker 
NAME 

COMPANY 

STREET 
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Efficient, accurate, 
Any of the angles in the illustration 
e minutes or 
less on any pipe from 144 to 18 inches. Save time, 


columns, and plates were welded between 
column flanges to develop continuity. 
Beam web connection plates were put on 
columns in the shop to afford a means of 
convenient erection, and a vertical fillet 
weld was made to complete this connection 
in the field. 

Welding operations in both shop and 
field work were done in accordance with 
the American Welding Society Code for 


CUTS 


PRODUCTION AND 
MAINTENANCE 
COSTS MORE THAN 
HALF 


SPEEDY LAYOUT JOBS 
ON PIPE AND 
STRUCTURAL STEEL 


News of the Industry 


Building Construction, 
Hlouston, su- 


Are Welding in 
Southwestern Laboratories, 
pervised details of shop fabrication, erec- 
tion and welding in accordance with re- 
quirements of the A.W.S, Code 


Purdue Welding Conference 
The Twenty-first Annual 
Purdue Welding Conference 


May 3-1, 1950 


New Welding Processes to be 
Discussed and Demonstrated 


Mechanical rectifier are welders, sub- 


welding, stud welding, gas 


induction 


merged are 
welding and high-frequency 
welding are among the numerous new 
welding processes and machines to be dis- 
cussed at the Second ALL 
on Electric Welding, April 5th, 6th and 
7th in Detroit, Mich 

New data on voltage dip effects and 
voltage drop interference between welders 


Conference 


will aid in future designs of power supply 
A tech- 


supply will also 


svstems for resistance machines 
nical session on power 
consider welder feeder systems and the use 
of senes capacitors at main transformer 
primaries 

Sessions on instrumentation, are- and 
resistance-welding equipment, and basic 
are research are further highlights of the 
three-day program 

Two evenings will be devoted to prac- 
tical demonstr ition ol welding machines 
Advance 


programs are 


registra- 
available 


and new 
tion cards and 


from E. Kane 


techr iques 


Registration Chairman 
Detroit Edison Co., 2000 Second Ave 
Detroit 26, Mieh This Second Welding 
Conference is American 
Institute of ric 
ation with the American WELDING So- 
every and the Industrial Electrical Engi- 
neers’ Socety of Detroit 


“ponsor by the 
il Engineers in cooper- 
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J. Lyell Wilson 
Becomes Consultant 


J. Lyell Wilson has announced his 
retirement from the American Bureau of 
Shipping and the establishment of a con- 
sulting practice im may il architecture, 
marine and welding engineering. Lyell 
offers to these industries an unusual back- 
ground which can hardly be surpassed 

Mr. Wilson graduated from Webb 
Institute of Naval Architecture in 1914. 
He is a trustee of that institution There 
followed several vears of prac tical experi- 
ence as a ship fitter, design draftsman and 
chief draftsman for two shipbuilding com- 
panies and an engine company Mr. Wil- 
son joined the American Bureau of Ship- 
ping and has had thirty-three vears of 
continuous service with that organization 
as surveyor, assistant chief surveyor and 
as research director Mr. Wilson is a 
licensed engineer of the State of New York 
During the war he was assigned as Speci il 
Assistant to the Chief of the Bureau of 
Ships, U. 8S. Navy Department For the 
last seven vears he has been a member 
of the Sub-Board to Investigate the De- 
sign and Construction of Welded Steel 
Merchant Vessels, appointed bv the Secre 
tary of the Navy and subsequently the 
Ship Structure Subcommittee 

Mr. Wilson is a member of a number of 
professional societies including the Societ 
of Naval Architects and Marine Engineers 
and the AMERICAN WELDING SoOcIETY 
He is a member of a number of technica 
and research committees of both societies 
ind is currently chairman of the Committee 
on Welding in Marine Construction of 
the AmerRIcAN WELDING Socrery He 
also serves on a number of research com- 
mittees ot the W ‘ding Research Council 
including Structural Research and Pres 
sure Vessels. He is member of the 
Joint Committee on Gas Hazards of the 
American Bureau of Shipping and = the 
National Fire Protection Associatior 

Mr. Wilson has written a number of 


papers among which are the following 


Control Committee on “The Principles 
of Naval Architecture S.N.A.M.1 

Chapter on “Reciprocating Steam En 
gines” in Marine Engineering, 3.N 
4.M.E 

Chapter on Classification  Socie 
Rules and Interconnection of Govern 
ment in the Shipping Industry” u 
The Shipbuilding Busine n th 
l'nited States of Ame a, S.N.A.M.1 
The S.S. Leviathan Damage, Repair 
ind Strengt Analysi S.N.A.M.I 
The Control and Inspection of Quality 
Welding,” A.W.S 

Some Notes on the Investigation of 
Welded Ship Constructiot 
Preliminary Results of Welding-Peen 
ing Investigation A. 


Elsewhere mm this issue there pul 
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lished a report of Mr. Wilson’s work on 
the welding-peening investigation 

His address is 145 Clifton St., West- 
field, N. J. 


Walter Samans Opens Consult- 
ing Office 


Walter Samans for many years con- 
nected with the Sun Oil Co., has launched 
A consulting engineering practice on unh- 
fired pressure vessels and tanks. Mr 
Samans will specialize in investigations of 
fnllures in service ( heck on designs of new 
ind existing vessels, supports and founda- 
tions for such vessels. Also recommenda- 
tions for repairs or re¢ onstruction 

Mr. Samans is a Licensed Professional 
Engineer of Pennsylvania; a member of 
the ALS.C.E, A.S.M.E. and A.W.S. He is 
1 past chairman of the Unfired Pressure 
Vessels Committee of the Boiler Code 
Committee. Past chairman of the W.R.C 
Pressure Vessel Research Committee and 
of the Joint A.P.1L.-A.S.M.E. Committee 
on Unfired Pressure Vessels He is also 
past vice chairman of the A.P.1. Commit- 
tee on Steel Storage Tanks 

His address is 1616 Walnut St., Phila 
delphia 3, Pa 


F. L. Mathy 
Appointed Consultant 


Hugh Brown, President, and George 
Hammon, Vice-President and General 
Manager, of the West ¢ 


pany engaged in the devel 


t's oldest com- 


pment of weld- 
ing and of welding equipment, the Na- 
tional Welding Equipment Co., of San 
Francisco, announce the appointment ol 
| I Mathy as Sales and Advertising 
Counselor Mr. Mathy, well known in 
nau trial circles from coast to coast, per- 
onall developed and guided the sales 
promotional and advertising operations of 
Victor Equipment Co. whom he 
served in the capacity of First Vice- 
President and Director for over twenty 
ears 

Mathy also worked for the Air Reduc- 
tion Sales Co. for approximately five vears 
ind prior to that time had his own com- 
pany which developed and marketed gas 

ding and flame-cutting apparatus. He 
has been closely connected with industrial 

arketing operations for over thirty years 


ind served as President of the San Fran- 


» Sales Manag Association and as 
President of the Northern California In 
dustrial Advertisers’ Association He was 


Chairman of th AMERICAN WELDING 
Soctery, San Francisco Section, and has 
been a National Director both of that 
Socmetry and of the International Acet 
ne Association Mr. Mathy has been a 
odigious contributor to technical and 


wmitechnical publications and has been 


sonnel 


the author of numerous manuals and 
engineering treatises 

Mr. Mathy, who lives in Orinda, Calif., 
served his own community as its first 
President of the School Board During 
the late World War his neighbors ap- 
pointed him as Coordinator of Civilian 
Defense 

Mr. Mathy, an acknowledged leader in 
industrial sales promotion and advertising 
experienced engineer who 
tis marketing job the fuller 


activities, Is an 


thus brings to 
understanding of a man who has devoted a 
lifetime to mechanical and technical prob- 
lems. He plans to confine his consulting 
services to a very limited number of clients 
because he believes that he may thus serve 
by far more effectively than were he to 
divide his time and his efforts too much 


Medoff Joins Welding Engineer 


Jack I Medoff, Assistant echnical 
Secretary of the AmeRICAN WELDING 
Society has left his position with the 
Sociery to become Eastern Editor of 
The Welding Er 
1950. Jack joined the A.W.S. staff on 
Aug 1, 1948, as Assistant Technical 
Secretary and Assistant Editor of The 
Welding Handbook 


rineer effective Feb. 1 


While with the Socrery, Mr. Medoff 


assisted in the preparation and revision of 


codes and specifications of the Socrery 
and the diss¢ 
mation Mr. Medoff acted as Assistant 
kditor of the Second Edition of Welding 
Vetallurgy and the Third Edition of The 
Welding Handbook just off press 

In addition to his direct experience in 
editorial and code work with the Sociery, 


Mr. Medoff has an interesting background 


ion of technical imfor- 


which should stand him in good stead in 
becoming Eastern Editor of the contem- 
porary magazine, The Welding Engineer 

Before joining the Socrery Mr. Medoff 
conducted a general metallurgical con 
sulting and laboratory service lle served 
1s a naval officer from 1943 to 1946 reach 
ing the rank of Lieutenant Commander 
it the time of his discharge from the Navy 
ig the Nav Mr. Medoff was 
Metallurgist and Chief Radiographer of 
the Worthington Pump and Machinery 
Corp. at their Harrison and Holyoke 


Prior to join 


plants He was transferred from the 


Harrison Works of the Corporation to 
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organize and supervise the X-Ray De- 
partment of the weldery of the new Ord- 
nance Division, manufacturing %O0-mm 
AA gun earriage for the U. 8S. Army; to 
qualify the radiographic procedures and 
supervise all radiographic inspection of 
welding to government standards estab- 
lished at the Watertown Arsenal; to con- 
duct radiographic and physical testing for 
qualification of welders; and to conduct 
and supervise all metallurgical testing as 
required in the division 

Mr. Medoff was graduated from Cooper 
Union Institute of Technology in 1936 
with the degree of B.S. in Chemical Engi- 
neering. He has advanced studies at 
Brooklyn Polytechnic Institute, Princeton 
University, Harvard and Stevens In- 
stitute of Technology 

Mr. Medoff is a member of the American 
Society for Metals, American WELDING 
Society, Society for Nondestructive Test 
ing and the Metal Science Club of New 
York. 


Southard Appointed 
to Committee N.A.C.A. 


Dr. John C. Southard, member A.W.S 
who is Director of Research for Solar 
Aircraft Co., San Diego, Calif., has been 
appointed a member of the subcommittee 
on Aireraft Structural Materials, a tech- 
nical subcommittee of the National Ad- 
visory Committee for Aeronautics. Dr 
Southard holds a Ph.D. in’ Physical 
Chemistry from Johns-Hopkins Univer- 
sity. Before joining Solar in 1946) as 
manager of the Factory Laboratory, he 
served with the U.S. Dept. of Agriculture, 
with the U. 8. Bureau of Mines and as 
Chief of Process Metallurgy Research 
with the Titanium Alloy Mig. Co 


Jarboe Takes on G-E Line 


The Drill Master Supply Co., 1305 
First Ave., Evansville, Ind., has recently 
been appointed a General Electric Weld- 
ing Distributor for southwestern Indiana 
Territory 

T. B. Jarboe, Manager of Welding of 
the Drill Master Supply Co., stated that a 
complete line of G-E welding equipment 
electrodes and accessories including a. c., 
inert-arc, atomic hydrogen and d.-c, weld- 
ers would be carried by his department 
Mr. Jarboe is a member of the AmeRicaAN 
WELDING Sociery 


OBITUARY 
Robert Jaskulek 


The Burdett Oxygen Co. announces with 
deep regret the passing of Robert Jaskulek 
on Jan. 6, 1950. Mr. Jaskulek, in his con- 
tacts with welding engineers, had a large 
number of friends throughout the Ohio 
territory He was a member of the Board 
of Directors and senior salesman for over 
27 vears for the Burdett Oxygen Co., 3300 
Lakeside Ave., Cleveland 14, Ohio. Mr 
Jaskulek was a member of THe AMERICAN 
WELDING Sociery 
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EVERDUR 


Well screen being fabricated by 
unique methed of resistance welding. 


Famous for exceptional 
resistance to corrosion, 

high strength, and 
adaptability to money-saving 


fabricating methods. 


Longitudinal rods and outer wire in this Edward F. Johnson, 
Inc., well screen are both Everdur* 1010 and of Special cross 
section. Fabrication of the screen is quickly and economically 
accomplished by rotating the rod assembiy, thus winding on 
the wire and automatically we ding wire to rod by electrical 
contact, 

The circuit is ar ranged so that the rod assembly becomes 
one electrode, the other electrode being a copper roll which 
rides on the wire. As the latter touches each rod a surge of 
current welds the wire to the rod. Welding is at the rate ot 
from 900 to 1700 welds per minute, depending on the size 


consider Everdur 


Micrograph of lengthwise section showing 
excellent fusion of Everdur resistance welds. 


Where corrosion resistance counts — 
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Cross sections, slightly enlarged, 
of special shaped wire 
and rod members 


Johnson Well Screen, 16° O. D., 35° long, 
being lowered into weil casing. 


of the wire and rod. Only two or three cycles of current are 
required for each weld 

Everdur Alloys are non-magnetic and highly resistant 
to fatigue. Alloys are available which can be machined, hot- 
forged, drawn, Stamped, spun, cast, electric-welded or oxy- 
acetylene-welded by all modern methods and equipment, For 
detailed information regarding compositions, properties, ap- 
plications and advantages, ask for Publication E-5. Our Tech- 
nical Department is at your service. Write The American 
Brass Company, Waterbury 20, Connecticut. In Canada: 
Anaconda American Brass Ltd., New Toronto, Ont 
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NEW LITERATUR 


Portable Gas Drive Are Welders 


Hobart 
trated 


Brothers Co.'s 4-page  illus- 
folder shows and describes 15 
features of 
welders 


gasoline engine-driven are 
Also shows specifications of 10 
different models of gasoline 
driven are welders and combination 
models of are welders and power units 


engine- 


Are Welding Machine Catalog 


A new are welding machine catalog, the 
first to inelude all the machines in the 
Airco line, has been announced by Air Re- 
duction Sales Co., a division of Air Redue- 
tion Co., Ine. 

The 36-page, illustrated catalog, the 
Mourth of a projected series of ten, is 
divided in two parts, the first dealing with 
mu.-c. are welders, the second with d.-c 
Pmachines. 

The descriptive text gives distinctive 
loatures, operating data, spe ‘ifieations and 
other pertinent information about each 
machine 

For a free copy of this new catalog, write 
the Aireo sales office nearest you or Air 

} Reduction Sales Co., 60 FE. 42nd St., New 


York 17, N.Y, 


Automatic Are Welding 


The Reid-Avery Co., Ine., Dundalk, 
i altimore 22, Md., has issued a four-page 
folder describing various types of coil 
wires available for submerged are welding. 
These include pure iron, mild steel, high 
Mensile steel, high manganese and high 
Mianganese molybdenum. 

Another four-page folder deseribes auto- 
matic welding electrodes for the open are 
hither of these is available on request. 

An attractive eight-page brochure gives 
technical information on shielded-are auto- 
matic welding electrodes and the Reid- 
Avery line in this field 


Hard Facing 


Just published a five page booklet, 
Hard Facing Farm Equipment with 
Colmonoy” by Wall. Colmonoy Corpora- 
tion, 19345 John R 
Michigan 

The booklet gives complete details on 
hard facing six (6) tried and proved farm 
applications. Each application is thor- 
oughly outlined as to procedure for hard 


Street, Detroit 3, 


facing plus sketches indicating exact area 
to be hard faced for maximum wear life. 


Spot Welder 


New catalog sheet on the Birdsel! 4, 6 
kva. Model No. 130 T spot welder with 
electronic timer, Outstanding features 
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such as watercooled electrodes and second- 
ary coil, capacity of two pieces of 16 gage 
cold-rolled operation through a 
simple 60 amp. switch, single phase, 220 
v., [8-in. arms and economies in operation 
with electronic timer are listed. Back 
page contains operating instructions and 
diagrams. Mailed free to those interested 
in spot-welding operations. Write to 
Birdsell Products, P. O. Box 733, Los 
Altos, Calif. 


steel, 


Welding Fittings 


Catalog No, 211 provides complete 
dimensional data, weights and prices on 
all Tube-Turn welding fittings and flanges. 
The Engineering Section contains prac- 
tical, illustrated information covering 
Tube-Turn welding fittings and flanges 
under varying conditions’ of temperature, 
pressure, location and materials processed. 
It discusses the use of Tube-Turn fittings 
and flanges in many different types of pip- 
ing systems, demonstrating their flexi- 
bility 

A section is also devoted to Tube-Turn 
welding fittings and flanges in special 
metals and alloys, and includes helpful 
information on the various services for 
which each type is best suited. The 
Technical Section reflecting the results of 
extensive research, caleulations, and ex- 
periment, valuable data on 
Properties of Pipe; Rating of Pipe, Fit- 
tings, and Flanges; Line Expansion and 
Flexibility; Support and Anchorage of 
Piping; and Flow of Fluids 

Every copy of No. 211 will be registered 
in the name of its owner, so that he can be 
regularly supplied with supplemental data 
and literature 

Because No. 211 has been costly to 
produce, its distribution will be restricted 


contains 


to major users, designers and ereetors of 
industrial piping 


Automatic Welding Positioner 


The Aronson Machine Co., Areade 
N. Y., has issued an attractive two-page 
circular deseribing their Model L4AW300 
positioner of 300 lb. capacity. This posi- 
Universal” tool ideally suited 
to positioning work in any attitude, es- 
pecially adapted to automatie welding, 
providing infinitely variable work rotation 
speeds for circular welding, with a mini- 


thoner 18 a 


mum of tooling-up required 


Gas Welding Rods 


The Reid-Avery Co., Inc., has issued an 
attractive four-page circular describing 
their oxvacetvlene welding rods and wire 
for gas-shielded are welling. Copy is 
available on request to Reid-Avery Co 


Inc., Dundalk, Baltimore, 22, Md. 


New Literature 


Cutting Maintenance Costs 


Cutting Maintenance Costs with Alu- 
minum-Bronze: Electrodes,”’ was the sub- 
ject of a paper presented at the 13th an- 
nual meeting of the AMERICAN WELDING 
Society, by Joseph A. Cunningham, 
President of the J. A. Cunningham Equip- 
ment Co., Philadelphia, Pa 

Reprints of this paper can be obtained 
for the asking from Ampco Metal, Ine. 
Milwaukee 15, Wis 


Spot Welding Aluminum 


The Metal Industries Dept. of The Di- 
versey Corp., Chicago, now has available 
three new pieces of informative literature 
concerning the characteristics, applica- 
tions and production records of two of 
their products and one of their processes. 

Diversey No. 12, a reverse current elec- 
trocleaner for steel, copper and copper 
alloys, and Diversey No. 36, an alkaline, 
nonetching aluminum cleaner, sre each 
thoroughly discussed in two of the file 
folder-type pieces of literature 

The third folder, a 12-page manual, is a 
technical presentation of The Diversey 
Pretreatment of Aluminum for Spot Weld- 
ing. The process is described in detail 
and the reasons for and advantages of the 
outstanding characteristics of the process 
ure discussed. Many pictures, charts and 
graphs add to the extraordinary complete- 
ness of this literature. Very interesting 
case-histories support the claims for this 
process 

Copies of this literature may be obtained 
by writing to The Diversey Corp. on your 
company stationery 


Hard Surfacing Materials 


Rankin Manufacturing Co., producers of 
hard surfacing welding materials, an- 
Hard surfacing 
rods and electrodes for gas and are welding 
are illustrated, along with qualities, types 
and Rockwell hardness. Most interesting 
is the listing of nearly 200 recommended 


nounces a new catalog 


applications cataloged by industries, and 
the specific type of welding material that is 
to be employed 

Copies of this new catalog are available 
from Rankin Manufacturing Co., 3072 W 
Pico Blvd., Los Angeles 6, Calif 


Resistance Welding 
Control Equipment 


New Westinghouse electronic resistance 
welding control equipment, both syn- 
ehronous and NONnSV hronous, Is de- 
scribed in detail in booklet B-4309 

Basic equipment in the control circuit 
includes a sequence-weld-timer panel and 
& means to fire the ignitron tubes in the 
power circuit. Auxiliary control panels 
can be readily added to meet specific job 
requirements. This booklet lists and dis- 
cusses the functions of both basic and 
auxiliary control panels 
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For a this booklet B-4309 
write Westinghouse Electric Corp., P. O 
Box 2099, Pittsburgh 30, Pa 


copy ot 


New Rings Folder 


Dresser Manufacturing Division, Brad- 


ford, Pa., has issued a new two-color illus- 
folder 
facturing processes involved in the fabrica- 


trated which explains the manu- 


tion of stainless and other steel rings, motor- 


frame assemblies, and a wice 


variety of 


other ring shapes and weldments Fea- 


tured 


is the story of a four-ring motor 
generator frame 


on request. 


Copies will be furnished 


Electrode Catalog 


» x 11 electrode catalog is 
announced by Hobart Brothers ¢ 


\ 16-page, 8 
Troy 
Ohio, containing a description, data on the 
application, welding procedure, mechanical 
properties and specifications of electrodes 
in the Hobart line 


Literature Item 


A new specification sheet has been re 


leased which gives complete data on the 


duty toggle clamps manufactured 
by General Welding Corporation of Cleve 
land, Ohio sketches giving 
all provided 
and outstanding features are listed. Price 
list is attached 


heavy 


Included are 


dimensions Pressures are 


Aluminam Bulletin 


This bulletin is published quarterly for 
The Aluminu:n Association by Dudley 
Anderson & Yutzv, 551 Fiftl New 
York 17, N. Y. The winter issue contains 


interestin references to new welding 


methods 


Welding and Cutting Catalog 


The Dockson Corp., 3839 Wabash, De 
troit 8, Mich., t 

plete catalog No 
cutting 


has just issued their cor 
W-50, on welding and 


and 


equipment supplies Chis 


catalog illustrated, consists of 


copiously 
1s pages and covers 


ple te line of equipment and accessories 


Welding Wall Chart 


A mine of valuable welding information 


° is to be found on a new two-« r giant 
wall chart which may be had free b 


eutectic Welding 
New York 


writ- 
ing on vour letterhead te 
Alloys Corp., 40 W 


This illustrated ch art, measuring near! 


orth St 


2 by 3 ft., lists over one hundred lutec- 
Rods and EutecTrodes with their standard 
sizes, giving for each rod such technica 


data as 


type of joint for which suitable 


metal on which used, bonding tempera 


ture, tensile strengtl Brine hardness 
degree of color match, electrical conduc 
tivitv. resistance ts rrosion, flame ad 


justment, ete 


There is also a seetion 


on the 33 most 


Marcu 1950 


identifying parts list ind 


WARCO publi 


with a brief 
\ brand 


heck list of close to 


Alloys, 


properties 


Kutecti« 
ther 


new use ful feature is a 


Important 
discussion of 


300 production and n 
with the 


1intenance applica- 


thons rod or rods recommended 


for each case—a list which every welder 


will value 


Tuffalloy Catalog 


\ new 


v catalog of standar 


simplified resistance welding 
d tips, special tips 
ind 


ret 


holders, bar stock, forgings, castings 
R.W.M.A. specifications 


ommended elec 


trode matertals for 


resist 


ince welding are included in easy to read 
tables, along with other helpful sugges- 
tlons Free Welding Sales & Engr 
Co., 8750 Grinnell Ave., Detroit 13, Mich 


Welding and Cutting Fumes 
and Health and the Welder 


\ 13-page 


irticles published by 


reprint of three outstanding 


The Welding Enai- 


neer to answer authoritatively common 
questions on health hazards in welding 
illustrated complete bibliography on 
subject reprint ivailable from The 
Lincoln Eleetrie Co., Cleveland 1, Ohio 
price 25¢ 


Warco Inclinable Presses 


The 
»., Warren 


bulletin by 


1 Welder ¢ 


illustrated 


il Machine ar 


\ new 


Feder 


Ohio, presents a line of high-speed pre 
cision productior clinable welded presses 
with special « phasis on the needs of the 
pr user Featu g the WARCO Pheu 
Clutch and Brake, these open-back 
inable pre ‘ inge in sizes from Ca 
pacities of 40 to 209 tons, with stroke 
lengths made to suit customer's require 


drawings wit! 
other usefu 
lata ure) contained 


this latest of 


Steel Casting Reference Charts 


by Lebanon Steel Fou Lebanon, Pa 
Incorporated harts etailed 
nee mate na y i 
1 inalyse ‘ hea 
ren ana IS hig! 
mad irt ‘ 
ltefu we ne 
i mau 
( } teel cast ngs 
liv ude ret nmended 
i grad h pr I ngi 
‘ with fiftes grace lital ra 
fural streng tane 
~evernl grades higt 
util isting broad range 


Cancer is curable if discovered early 
and treated properly 


If any of these symptoms appear, see your doctor at once. 


Write for the bookiet about cancer, && 
just address your request to “CANCER = 


AMERICAN CANCER SOCIETY, INC. 
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_ 
Any Sore hat does got neal 
in the preast Of aisewner® 
4. ANY change in watt Of mole 4 
«persistent indigestio™ ot 4 
6. persistent poarsenes® or cough 4 
7. ANY change in 
powel 
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physical properties are offered and derived 
by controlled heat treatment methods. A 
series of low-alloy steels are also included 
for high-temperature power and oil re- 
finery service, which allows the engineer a 
selection of alloys most ideally suited to 
the pressure and temperature conditions to 
be employed. These grades of carbon and 
low-alloy castings are suited for many 
industrial applications, particularly pres- 
sure fittings, such as valves, pumps and 
parts and miscellaneous machinery cast- 
ings such as cams, cranks, pneumatic drill 
and power driveparts requiring special 
properties which may include fatigue, wear 
and impact resistance 

The second chart covering 
corrosion- and heat-resistant alloy castings 
is devoted to 18 selected Circle-L grades. 
This group of alloys provides the engineer 
with materials of construction, resistant to 


stainless, 


varving types of corrosion as encountered 
in the chemical, oil and refining, paper and 
pulp, textile, food processing and other 
industries. 

Some of these alloys are ideally suited to 
extreme ranges of temperature from the 
frigid applications to very high 
temperature Typical castings 
being produced from these various grades 
include valves, fittings and pump parts for 
corrosive services, as well as intricate cast- 
) ings for the jet airplane, gas turbine com- 
' ponents, and other heat-resistant applica- 
tions where strength at elevated tempera- 


services 


tures and stability are required. 

Along with Cirele-L grade 
designations, the charts list comparable 
designations of Alloy Casting Institute 
(ACH American Lron and Steel [nsti- 


Lebanon 


tute (A.LS.L.), American Society for 
Testing Materials (A.S.T.M.), Hydraulic 
Institute, Society of Automotive Engineers 
(S.A.E.) and U. 8. Navy Steels. 

Copies are available from Warden F. 
Wilson, General Sales Manager, Lebanon 
Steel Foundry, Lebanon, Pa. 


Welding Dictionary 


Welding Dictionary: French, German, 
Spanish, English. Compiled and Edited 
by R. N. Thompson, Editor of Welding 
and G. Haim. Published on January 23, 
1950 at 21s. (postage 6d) by The Louis 
Cassier Co., Ltd., and distributed by 
Lliffe & Sons Ltd., size Covo (7'/, x 5 in.), 
234 pages. Bound in Imitation Leather 
with jacket 

Like all new techniques, welding has 
given rise to a considerable number of new 
words and phrases which have specialized 
meanings. This leads to difficulties in the 
reading of foreign literature because these 
new welding words and expressions are not 
to be found in the dictionaries so far avail- 
able. 

The purpose of this dictionary is, there- 
fore, to enable the welding engineer and re- 
search worker with an average knowledge 
of another language beside his own to be 
able to understand easily the technical 
publications of a different country. 

In addition to terms specifically related 
to welding, many other expressions per- 
taining to electrical and mechanical engi- 
neering and to metallurgy are included, as 
the ready translation of such terms are es- 
sential for the appreciation of any welding 
literature 


SPOT WELDERS 


WELDING or 
BRAZING CARBON ELECTRODES 


THAT LAST 3 to @ 
> TIMES AS LONG! 


f @ Reduce dressing time by 
two-thirds! Operate 
at temperatures above red-heat! 


Cut down your resistance welding or braz- 
ing costs! Speed up your work! On a typical high temper- 
ature job where ordinary carbons were changed hourly, 
Stackpole Carbons processed with our new “F” treatment 
lasted all day! Three to four times longer life on the 
average elevated temperature job is an extremely conser- 
vative estimate of the saving involved. And they require 
dressing only about one-third as often! 


STACKPOLE CARBON CO., ST. MARYS, PA. 


Phase Changing We 


The dictionary has been divided into 
four parts—French, German, Spanish and 
English--the English part being treated 
as a key glossary with equivalents in the 
other three languages. Copies of this 
book may be purchased in the United 
States at the British Book Centre, 122 
East 55th Street, New York, N. Y 


Percussion-Welding 


Developments 


Considerable interest is being shown in 
the improved flash welding methods re- 
vealed by Reynolds Metals Co., 
ville, Ky., in the current issue of the Com- 
‘Technical 


Louis- 


pany’s technical publication, 
Advisor,”” No, 12. 
In that issue, Charles Bruno 


discloses 


Rey nolds 
specialist, improved 


welding methods which now 


welding 

percussion 
make it possible to flash weld aluminum 
tubing directly stainless steel 
Monel or other alloys without regard to 
the dissimilar metals in the joint. This is 
fusion Zone 


to copper, 


made possible by reducing the 
in the weld to less than one thousandth of 
Such « fusion zone is so 


no intermixing of 


an ineh in width 
small that practically 
elements occurs, 
Neither is there any 
structure alongside the weld 


change in grain 
This Is 
important feature because it opens up 4 
whole new field 
aluminum tubing and 
which can now be welded in the heat- 
treated condition with hardly any decreas: 


for the application of 


extruded shapes 


in strength through the weld 


OF ALL TYPES 
SIZES 1/4 TO 300 KVA. 
F MANUAL, AIR, MOTOR 
OR ELECTRONIC OPERATION, 
also BUTT, ARC, and 
GUN WELDERS 


TRANSFORMERS 


For Furnaces, Lighting, Distribution, Power, Auto 
i ing, end Special Jobs 


AIR, OIL and WATER COOLED 


Sizes 1/4 to 300 KVA. 


EISLER ENGINEERING CO., INC. 


779 South 13th St. 


CHARLES EISLER, PRES. 
Near Avon A NEWARK 3,N.J5.,US.A. 


WRITE FOR 
SAMPLES 
Stote shape and 
size required. 
Mention com- 
pony connection. 


“EVERYTHING IN CARBON BUT DIAMONDS” 


New Literature 


SPECIALIZING IN “BETTER-BUILT” 


WELDING & SAFETY 
EQUIPMENT 


FOR OVER 25 YEARS 


There is a DOCKSON distributor near you. Name on request. 


CORPORATION 


3839 WABASH « “DETROIT 8, MICH 
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YOU HAVE UNLIMITED OPPORTUNITY 


FOR EXPANSION with 


I} ,) BASIC WELDING & CUTTING UNITS 


The flexibility and wide range of Unit WC-26, shown here, 
enable you to do all usual welding and cutting operations, 
either in production or maintenance work. For special jobs 
such as hard-facing, multi-flame heating, deseaming, 
brazing, descaling, you simply add suitable tip, nozzle or 
attachment. 

Keep your investment in apparatus low by starting with 
VICTOR's basic units . . . expand them as your need arises. 

VICTOR apparatus is designed for faultless, economi- 
cal operation. See your VICTOR distributor for free dem- 
onstration TODAY. 


Welding and Cutting Equipment Since 1910 


Hard-facing alloys. Regulators for all gases. Ma- 
chine and hand torches for welding, preheating, 


cutting, flame hardening and descaling. Portable 
flame cutting machines. Blasting nozzles. Cylinder 
manifolds. Cylinder trucks. Emergency pack-type 
flame cutting outfits. Fluxes. Write today for free 
descriptive literature. 


VicIOR EQUIPMEN] COMPANY 


844 Folsom Street 3821 Santo Fe Avenue 


1312 W. Lake Street 


SAN FRANCISCO 7, CALIFORNIA LOS ANGELES 11, CALIFORNIA CHICAGO 7, ILLINOIS 
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Thus high-strength aluminum alloys 
(stronger than structural steel) can now be 
heat treated at the mill and weld fabri- 
cated by the user without materially re- 
ducing the mechanical properties of the 
high-strength, heat-treated aluminum 
This eliminates the former problem of how 
to heat treat large or complicated welded 
assemblies 

This development also has great sig- 
nifeance in retrigeration work where it is 
now possible to butt weld tubing without 
any metal being upset on the interior of the 
tube. The ability to make quickly gas- 
tight joints in tubing without any in- 
terior flash opens up a whole new field for 
application of aluminum tubing in re- 
frigeration work, Already at least one 
large producer of refrigeration equipment 
is exploring the possibilities presented by 
this new development 

Reynolds Metals ‘Technical Advisor’ 
is sent free upon request to anyone who 
wishes data on latest methods for fab- 
ricating and processing aluminum and its 
alloys Address requests to Reynolds 
Metals Co., 2500 8. Third St., Louisville 
1, Ky 


Symposium on Metallography 
in Color 


This outstanding symposium, presented 
at a recent A.S.T.M. Annual Meeting, has 
just become available in printed form 
(Special Technical Publication No. 86). 
Sponsored by A.S.T.M. Committee 
on Metallography, it presents the latest 
thoughts and practices in this field in 
which there is a steadily growing interest. 
Leading authorities prepared the papers, 
with discussions of the various techniques 
used to record the characteristic colors 
seen visually, Deseribed are some of the 
fundamental requirements of the micro- 
scope so that good color work would re- 
sult, others touch on the teehniques of 
photography and they contain valuable 
information which can be used to ad- 
Vantage m evervday work in the field of 
metallography 

Phe book is illustrated with ten insert 
four-color photomicro- 
graphs) and includes an Introduction by 
L.. V. Foster, and six papers covering the 
following subjects: Metallography in 
Color, R. P Loveland; 
tics for Color Metallography, James R. 
Benford; Quality and Quantity of Illu- 
mination in Color Metallography, R. P. 
Loveland; Color Metallography Simpli- 
fied, Mason Clogg, Jr.; Some Applica- 
Color Metallography, W. D 
Forging; and The Application of Color 
Photography to the Study of Nonmetallic 
Inclusions, A. M. Hall and k. bk. Fletcher. 

Copies of this SO-page symposium, in- 


plates process 


M leroscope 


tions of 


cluding color plates, can be obtained from 
American Socety for lesting Materials, 
1916 Race St., Philadelphia 3, Pa., at 
$4.50 each, heavy paper cover, or $5.15 
en h, ‘ loth cover 


low to Design with 
Aluminum Extrusions 


The basic engineering principles that 
will enable the designer to use extruded 


2060 


aluminum shapes most effectively are well 
explained and illustrated with many ex- 
amples in the new 138-page book, Design- 
ing with Aluminum Extr usions, just pub- 
lished by Reynolds Metals Co., 2500 8. 
Third St., Louisville 1, Ky. The books 
are available without charge to engineers, 
architects, designers and others requesting 
them on company letterhead. 

The section on manufacturing possi- 
bilities explains the broad range of shapes 
that can be produced by the extrusion 
Another chapter correlates shape 
design with manufacturing limits and 
shows how many of these limitations can 
be offset by proper design. 

Since certain extruded shapes are used 
as structural or load-carrying members, a 
chapter is devoted to the principles of 
structural design. 

The characteristics of aluminum itself, 
the selection of the correct alloy and tem- 
per, fabricating properties, finishes and 
cost factors are also covered as separate 
chapters in the book 

In addition, the tabular section pre- 
sents 16 tables (22 pp.) of data on chemi- 
eal, mechanical and physical properties of 
aluminum; extrusion process data such as 
minimum thicknesses, maximum lengths, 
tolerances, difficulty factors and the like. 
Condensations of finishes and joining 
methods form two tables of special value. 

This 138-page, 6 x 9-in. pocket-size book 
is complete with more than 390 illustra- 
tions, a table of contents, index of tabular 
material, index of illustrations and an 
itemized cross index covering text, illus- 
trations and tables. It is wirebound to lie 
flat when open. The book was written by 
H. V. Menking, Assistant Director, Tech- 
nical Service Dept., Reynolds Metals Co., 
Louisville, Ky, 


process 


Electric Arc-Welding 
Procedure and Practice 


In its new 544-page book, Electric Arc 
Welding, The Hobart Trade School, Troy, 
Ohio, has made available a comprehensive 
and practical textbook on the procedure 
and practice of are welding, which is of 
outstanding value not only for the student, 
but. also for the practicing welding engi- 
neer, welding operator and designer, as 
well as for executives and supervisors in- 
terested in welding procedure and prac- 
tice 

Clearly written, the 28 chapters are 
divided in five parts: (1) General Infor- 
mation; (2) Operator Training Course; 
(3) Carbon Are Welding and Cutting; 
(4) Other Welding Processes; (5) Welding 
Terms and Their Definitions. 

Part 1 discusses the development of 
electric are welding, describes applica- 
tions, available metals and alloys, joints 
and welds, electrodes, equipment and 
other basic procedures. 

Part 2 constitutes a complete self-study 
course, incorporating review summaries, 
practical exercises and “‘quiz’’ questions 

Part 3 describes in detail the principles 
and practical operations of earbon arc 
welding. 

Part 4 covers other welding processes 
such ss inert-gas-shielded are welding, 
submerged are welding and electric stud 
welding 

Part 5 reproduces the welding terms and 


Vew Literature 


their definitions of the Amertcan WeLb- 
ING SOCIETY. 

The textbook is illustrated with over 
600 photographs of operations, diagrams 
and charts. The cost of this publication is 
$3.00. 


The Metal Show 

“Surveving the Field” is the third re- 
port in a continuing attendance analysis 
for the Metal Shows It contains all the 
information about the $ist National Metal 
Congress and Exposition held in Cleve- 
land, Oct. 17-21, 1949 

A complete analysis of those attending 
the Show is included—35,588 visitors 
information secured from the registration 
ecards and tabulated and verified by Inter- 
national Business Machines, [nx Total 
number of visitors classified by business 
and industry, by title and occupation and 
by geographical location 

Floor plans for the 1950 Metals Show 
to be held at the International Amphi- 
theatre in Chicago are being sent to ex- 
hititors at the present tim 
signments will be made on or about March 
20th. Inquiries should be addressed to 
W. HL. Eisenman, Director, National Metal 
Exposition, 7301 Euclid Ave., Cleveland 
3, Ohio 


Space as- 


Histories on Welding 
Stainless Steel 


A brochure on some interesting aspe¢ 


Case 


of are welding stainless steel with new 
Eutectic Staintrodes, illustrated with veri- 
fied case hestories, is available from | itec 
tic Welding Alloys Corp., 40 Worth St 
New York i) N \ 
Featured in the ease histories is | 

tie’s full line of Staintrodes, the most 
vanced type of stainless steel electrode 
welding.  Beeause 
used on so many jobs of a critical na 
ture, the Staintrode 
high corrosion resistance, and the 


low-heat stainless 


ultra 
ibility 


properties of 


to produce sound welds without undereut 
ting, weakening or warping the base metal 
are especially helpful 

Most informative of the case histories 
deseribed in this folder is that of the con- 
Atomic 
Phe complications 
of this 


struction of a piping svstem 
Energy Power Plant 
involved in the exacting fabricatio 
apparatus appeared all but insurmount- 
able 

For vour free copy of this booklet, re- 
quest Form EU-19 from Eutectic, at the 


address given above 
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Stop Corrosion with Metallizing 


The January issue of the Metco News 
reports that sprayed metal coatings are 
giving positive protection against corro- 
sion for many years under very severe con- 
ditions For instance, the Bureau of 
Water, Erie, Pa., started to use metalliz- 
ing in 1930, when they sprayed zine on all 
bolts and nuts on a 72-in. diameter, 8800- 
ft. intake. In 1932 a 110,000-gal. wash 
water tank, which had been in service 
only 18 months showed heavy corrosion 
on its interior. It was metallized with 
0.006-in, pure zine, which stopped the cor- 
rosion completely. Six years later there 
was no sign of rusting, even though the 
tank interior is exposed intermittently to 
water and air Since then thev have used 
metallizing to stop corrosion on steel filter 
beds, boiler plant feed water treatment 
steel ladders, sluice gates, brace 
rods and many other parts, normally sub 


tanks 


ject to corrosion 

In 1933, another user metallized the in 
terior of water storage tank with zine 
In 1940 they inspected the interior of the 
tank and found that all pitting and corro- 
sion had been stopped complete hy After 
this inspection, they metallized the entire 
exterior of a riser pipe with a coating of 
zine followed by a coating of aluminum 
then painted it for appearance. Now nine 
vears after, the paint is peeling from wash- 
ing. But even where it has peeled, the 
metallized coating is as sound as ever de- 
And, more im- 
portant still, under the metallized surface, 


spite constant exposure 


the steel pipe has not been attacked at all 

Many manufacturers of original equip- 
ment have adopted metallizing. It en- 
ables the m to make a more corrosive- 
resistant product that permanently elinn 
nates many maintenance headaches. One 
of the world’s largest electrical manufae- 
turers sprays 0.005 to 0.006 in. of zine on 
its outdoor hanger-type capacitors, which 
provides a life expectancy of 15 to 30 years 
Other production 
tanks 


reirigerator trucks ind eold plates, barrels 


in rural atmospheres 
applications involve degreasers, 
ind many others. Write for your copy 

the Meteo News, Vol. 4, No. 12, Metal 
lizing Engineering Co., Inc 8-14 30th 
St., Long Island City 1, N.Y 


Hard-Surfacing Electrodes 


One of the most valuable products on 
the market tor inere ising the life of equip- 
ment 1s deseribed in an informative folder 
now available upon request from the 
Stulz-Sickles Co., 154 Lafa t., New 
ark 5, N. J 

Seaco - Hard-Surfacing Elee- 
trodes ex¢ produced by Stulz 
Sickles, protec os ts ‘ to 
severe impact 
made with Mangana 
Seaco Har 


l-Surtacing 


will outlast new part 


Selenium Rectifier D.-C. 
Welders 


Booklet DB 26-100 describing the new 
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200-, 300- and 400-amp., 60% duty cycle, 
selenium rectifier d.-c. welders is available 
from Westinghouse Electric Corp 
Included in this booklet is engineering 
information on these new welders, includ- 
ing relative 
characteristics, construction details, elee- 


power costs, perlormance 
trical characteristics, welding characteris- 
tics, dimensions and weights 

Power cost comparisons between these 
selenium rectifier welders and conventional 
motor-generator d.-c. welders are made 
for 33'/; and 60°; duty eveles 

Graphs of kva. input, efficiency and 
power factor at welding currents up te 
full load are included 

For a copy of this booklet write West- 
inghouse Electrie Corp., Box 2099, Pitts- 
burgh 30, Pa 


Electrode Designation 


The Champion Rivet Co. of Cleveland, 
Ohio announces that their electrode former- 
ly known as RAILenp is now called 
ENDER 
or operating characteristics 


There has been no change in color 


Techaigst 
way wo 
vas 


Guide to Metallurgy 


Tempil® Corp. announces that a fourth 
printing of the Tempil® “Basic Guide to 
Ferrous Metallurgy” is now off the presses 
and again available 

This chart shows the working charac- 


temperatures [rom 


teristics of steels u 
-300° to 2900° I All the important 
temperature zones, including hot-working, 
anneali normalizing, stress relieving, 
carburi yand preheating for welding are 
clearly lremperature ranges are 
shown in 19 colors approximating the 
characteristic hot-body radiant hues. At 
the right of the chart 23 fundamental 
metallurgical terms are defined and ex- 
plained A diagram 


change in grain size with temperature is 


symbolizing the 


shown at the left 


This handsome, 
chart measures 16'/, in. wide by 21 in 


plastic-laminated wall 


long It can be cleaned easily and will 
last a lifetime It 
reference source for the engineer, metal- 
lurgist and skilled worker Available 
without charge to industrial executives 


provides a handy 


who request it on company stationery, 
stating their position. Address Tempil 


Corp., 132 W. 22nd St., New York City 11 


TEMPIL 


Basic Guide to Ferrous Metallurgy 
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New Flux for Gold and Silver 
Soldering 


\ new liquid flux developed especially 
for use in gold and silver soldering opera- 
tions has just been announced by Handy «& 
Harman, 82 Fulton St., New York 7, 
N.Y. Copies of a descriptive bulletin are 
ready for distribution. Ask for Bulletin 
IS 


Low Hydrogen Electrodes 


A complete new line of low hydrogen 
electrodes is now being produced by Har- 
nisehfeger Corp., Milwaukee, manufae- 
turer of P&H are welders and electrodes. 
There are 14 different types in this new 
series, covering all welding applications 
“ here low hydrogen electrodes are desir- 
able. Each has been thoroughly tested in 
P&H’s laboratory and in their own weld- 
ing production as well as in the field, The 
coatings were developed to produce de- 
posits low in hydrogen, thereby eliminat- 
ing the under bead cracking 

These new P&H electrodes produce eX- 
cellent welds on problem steels and other 
alloy steels, including steel castings. 
They have a moderate penetrating are with 
an easy to remove slag. Information in 
this new line of P&H low hydrogen elec- 
trodes may be writing 
Harnischfeger Corp., Welding Division, 
400 W. National Ave., Milwaukee 14, 
Wis 


obtained — by 


Welding Torches 


The K-G Welding and Cutting Co., Ine. 
of New York City are introducing two new 
welding torches with cutting attachments. 
The smaller of these, the E50 Torch, has a 
welding range up to tip size 40-—approxi- 
mately ', in.; cutting range up to tip size 
45 approximately 3in. The larger torch, 
the K50, has a welding range up to tip 
size 20-—complete welding range; cutting 
range up to tip size 40° approximately 6 
in 

The mixer of the E50 Torch is used with 
nine sizes each of two different styles of 
tips The torch hose connections have re- 
placeable bushings for low-cost repair. 
The attachment (1450) has a unique de- 
sign, embodying an “QO” ring of Neoprene, 
preventing gas leakage. No castings are 
used in torch or attachment. All joints 
are silver soldered except bushings and 
cone connector 

The K50 Torch has a solid Monel head 
im conjunction with brass seats in the 
mixer, assuring nongalling, positive seat- 
ing Swiveled conical needle valve seats 
of Tobin Bronze give perfect alignment in 


seating. Replaceable needle valve bodies 
reduce repair costs. The universal helical 
mixer accommodates all swaged tips from 
drill sizes 75 to 30 incl. All joints are silver 
soldered. 


Engine-Driven D.-C. 
Are Welders 


\ new line of lightweight mobile engine- 
driven d.-c. are welders, the WD-40 
Series, has been announced by General 
Electric's Welding Division 

One of the five in the WD-40 Series con- 
sists of a general-purpose, heavy-duty 
welder, the WD-42AGW. It is driven by a 
31-hp. Wisconsin VP-4 air-cooled engine 
with a magneto ignition. The welder 
weighs 1050 Ib., and its rated output is 
200 amp. at 40 v. A manually operated 
slow-down control economizes on fuel by 
slowing the engine to idling speed when not 
holding a welding are. The WD-42AGW 
is designed for welding jobs requiring a 
heavier duty cycle and a good degree of 
portability, such as pipe-line operations. 
This heavy-duty, 200-amp. welder is also 
available with «a four-cylinder, liquid- 
cooled Hercules engine-drive. 

Other welders also in the liquid-cooled 
gasoline-engine drives are the WD-43AG 
and WD-44AG, powered by a six-cylinder, 
36-hp. Chrysler industrial engine. The 
WD-43AG is rated at 300 amp. at 40v. and 
weighs 1725 Ib. It is frequently used in 
the construction industry for welding 
beams and girders, and for general main- 
tenance work. 

The 400-amp. model, the WD-44AG, 
weighs 1775 lb. and has a welding range of 
80-500 amp. Both models are equipped 
with belt-driven governors to prevent 
overspeeding of the engine and an auto- 
matic slow-down device to save gus. 

The WD-40 series has four welders in 
the Diesel-drive line. The two 300-amp 
models, the WD-43ADGM (General Mo- 
tors Diesel engine) and WD-43ADC 
(Caterpillar), weigh 2350 Ib. and 3350 Ib 
and have « welding range of 60-375 amp. 
In the 400-amp. line, the WD-44ADGM 
(General Motors) and WD-44ADC (Cater- 
pillar) have a welding range of 80-500 
Amp. All Diesel engines are equipped 
with batteries, generators, electric starters 
and preheaters to facilitate operation in 
subnormal temperatures. 


Stainless Steel 


A new precipitation-hardening stainless 
steel with the strength and hardness of 
high-carbon spring steels and a corrosion 
resistance closely approaching that of 
IS-S stainless has been developed by 
Armeo Steel Corp., Middletown, Ohio 


New Products 


This new alloy, called Armco 17-7 PH 
Stainless Steel, not only broadens the field 
of application for stainless sheet, strip, 
plate and wire but has a unique combina- 
tion of desirable properties never before 
available in a stainless alloy 

Excellent corrosion resistance, high 
strength and hardness, good elastic proper- 
ties, fabricating flexibility and low-tem- 
perature hardenability give the new alloy 
unusual possibilities. 17-7 PH is espe- 
cially recommended for use in the chemical 
petroleum, textile and food-producing 
industries for springs, pressure tanks, 
diaphragms and disks, conveyor parts, 
spring clips, washers and similar part 
Its high strength and corrosion resistance: 
also make it especially suitable for man) 
applications in the aircraft and automotive 
industries. Of particular importance in 
these fields is the fact that the vield 
strength in compression is approximately 
equal to or higher than the yield strength 
in tension 

\ wide variety of other recommended 
handsaws, 


uses carpenters’ bandsaws 


measuring tapes, corset stays and fishing 
rods—indicates the versatility of 17 7 
PH Stainless Steel. 

The new stainless alloy is available in 
sott temper strip, sheet and plate hard 
temper sheet and strip; and hard temper 
and extra hard temper wire 

In the soft temper condition, the lo 
can be severely formed or drawn and 
welded by 
inert gas shielded-are methods After 
fabrication, its full strength and hardness 
are developed by heating at 14007 F. for 
30 min., air cooling and then heating to 
900-950° F. for 30 min., followed by air 
or furnace cooling. Soft temper sheets 
When fully hardened have a tensile strength 
in the range of 185-205,000 psi., a vield 
strength of 160-190,000 psi. and a hardness 
of Rockwell C4045. 

Hard temper 17-7 PH sheet and strip 
have fabricating properties equal to Type 
301 full hard-temper stainless steel. In 
this condition it can be punched, blanked, 
flanged and dished to a moderate degree 
Tensile strengths over 255,000 psi. and 
Rockwell hardnesses over C51 are devel- 
oped by simply heating the metal to 900 
F. for 1 hr. and air or furnace cooling 
Even higher strengths and hardness are 
possible in very thin gage material 

Hard temper 17-7 PH wire can be 
wrapped on its own diameter, indicating 
its adaptability to the manufacture of 
spring and spring-wire products. Proper- 
ties quite similar to those of the best ear- 
bon steel music wire are developed by 
hardening at 850° F. for a minimum of 
4 hr. and air cooling. Typical properties 
of Armco 17-7 PH wire after hardening 
are: 


resistance, metallic-ure and 


Tensile strength, psi.. 20) 345,000 
Yield strength, psi. 250--340,000 
Hardness, Rockwell C50 and up 
Proportional limit in torsion, psi 
150-180,000 


Armco 17-7 PH wire is also available 
mill treated at 850° F. and in this condi- 
tion is designated extra hard temper 

Since only low temperatures are required 
in the heat treatment of this new alloy, it 
has additional important advantages. The 
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WORLD’S BEST STOCK OF ALUMINUM WELDING SUPPLIES 


your 


A local or L. D. phone call will put you in touch with 
a good man to know ... your Alcoa distributor. He 
carries a complete stock of the world’s best welding 
supplies. Flux —solder—brazing sheet and wire 

electrodes—wire. All made by the men who know 
aluminum best. All consistent in quality and dependa- 
ble in performance. If there is no Alcoa distributor 
near you, write ALumMinum Company or AMERICA, 
1944C Gulf Building, Pittsburgh 19, Pennsylvania. 


ALCOA DISTRIBUTORS NATIONWIDE: 


Attanta, Georgia Columbus, Ohio 

M. Tell Metal & Supply Co.. Inc. Williams & Company, Inc. 

Baltimore, Marytand Dallas, Texas 

Whitehead Metal Products Co.. Inc. ©@ Metal Goods Corporation 

Beston ( Cambridge), Massachusetts Detroit, Michigan 

© Whitehead Metal Products Co., Inc. © Steel Sales Corporation 

Battale, New York Houston, Texas 

© Brace-Muelier-Huntiey, 

Whitehead Metal Products Ce., Inc. 

Chariette, Werth Careiina Kansas City, 

© Edgcomb Stee! Company ©@ Metal Goods Corporation 
Les Angeles, California 

e Central Steel & Wire Company © Ducommun Metals and Supply Co. 

© Steel Sales Corporation © Pacific Metals Company, Ltd 

Cincinnati, Ohio Milford, Conn 

© Wiliams & Company, Inc © Edgcomb Steel of New England, Inc. 

Newark, New Jersey 


Cleveland, Ohie 
© Wiliams & Company, inc. © Whitehead Metal Products Co.. Inc. 
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New Orleans, Louisiana 

© Metal Goods Corporation 

New York, New York 

© Whitehead Metal Products Co., inc 


Philadeiphia, Pennsylvania 
© Edgcomb Steel Company 


© Whitehead Metal Products Co., Inc. 


Pittsburgh, Pennsylvania 

© Williams & Company, inc. 
Portiand, Oregon 

© Pacific Metal Company 
Rochester, New York 

© Brace-Mueller-Huntiey, Inc. 


San Francisco, California 

© Pacific Metals Company. Ltd. 
Seattle, Washington 

© Pacific Metal Company 

St. Louis, Missouri 

© Metal Goods Corporation 
Syracuse, New York 

© Brace-Muetier-Huntiey, lnc 

© Whitehead Metal Products Co., lac. 
Toledo, Ohio 

© Williams & Company, inc 
Tulsa, Oklahoma 

© Metal Goods Corporation 
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hardening process is not only simple and 
economical but cracking, distortion and 
decarburization, encountered in conven- 
tional heat treating, are virtually elim- 
inated. Iu addition, there is no heavy 
scale formation to complicate finishing 
processes. The extremely light scale 
formed at 1400° F. and the heat tint pro- 
duced at 850 and 900° F. are both easily 
removed by a 10% nitrie~1% hydrofluoric 
acid solution. 

Armco’s 17-7 PH stainless steel, with 
their recently developed 17-4 PH stain- 
less steel bar and forging grade, provides 
a complete range of mill products in 
these high-strength, precipitation-harden- 
ing stainless steels. 


Brazing Alloy Package 


Handy & Harman have just announced 

a new silver brazing alloy package which 
should prove very convenient for many 
users of this product. It contains 5 oz. of 
diameter Easy-Flo-45 wire. ‘Torch 
Brazing Instructions” are included —also a 
Quick Facts” folder telling the advan- 
tages you can gain by brazing with Easy- 

Flo 45. 

This new package will be distributed 
‘through Handy & Harman’s nation-wide 
' dealer organization. A list of these dealers 
will be gladly sent on request. 


Locating Spotlight 


This spotlight accurately locates work 
on all blind operations. The spotlight 
overcomes the difficulty of positioning 
large assemblies on all types of equipment 
such as resistance welders, automatic 
dimpling and  countersinking 
machines, punch and drill presses and 
many other production equipment. 

The spotlight is easily positioned on a 
ball and socket joint and the spot of the 
light can be adjusted to as small as '/, in. 
diameter. The light is intense enough to 
be clearly visible under all sharp lighting 
It is a sturdily made unit, 
entirely chrome plated, with a special lens 
to permit a sharp definition of the spot in a 
wide range of diameters It can be 
equipped with a transformer of 110 or 220 


riveters, 


conditions 


v., depending upon the line voltage re- 
quired. 

Bulletin No, 203-A describing this spot- 
light can be obtained by writing direct to 
Sciaky Bros., Inc., 4915 W. 67th St., 
Chicago, Il. 


Electric Are Announces 
Regulating and Heating Units 


Electric Are, Inc., of Newark, N. J., 
announces the availability of its latest 
combination for preheating before welding 
and stress relieving after welding—the 
new 40-kva. Model RTA Regulating Unit 
and 40-kva. Model AC3 low-frequency 
Induction Heating Unit by the Smith- 
Dolan System. 

This combination is designed for use in 
limited space where the extreme flexi- 
bility of Electric Are’s smallest induction 
heater is not needed (by this is meant 
their 10-kva. Model UP, which can be 
stacked in 10-kva. units to achieve 20 
kva. capacity, 30 kva. capacity, ete.). 
The RTA Regulating Unit is arranged for 
operation on 220/440 and 550 v. at com- 
mercial frequencies. The AC3 Heating 
Unit is small enough to be placed near the 
work with easy accessibility. 


With Models RTA and ACS more 
equipment can be added as required, and 
when larger jobs are contemplated, the 
Model ACS Unit can also be used as a 
booster unit with the other Smith-Dolan 
heating equipment, which is manufactured 
exclusively by Eleetrie Are, Ine. in 
Newark 

Automatic control cabinets, also made 
by Eleetrie Are, Ine. can be used with the 
Model RTA Regulating Unit 

Dimensions of the RTA Regulating 
Unit are as follows: 20', in. wide, 31 in 
high and approximately 

Dimensions of the ACS 
Heating Unit are: 35 in. wide, 32 in. deep, 
in. high and approximately 815 Ib. in 


deep, 20°/, in. 
620 Ib. in weight 


weight. 

Further information on Electric Are 
Induction Heaters and Control Instru- 
ments may be obtained by writing to the 
manufacturer for catalog material. In- 
quiries should be addressed to: Electric 
Are, Ine., 152-162 Jelliff Ave., Newark 8, 
N.d 


Vew Products 


Low-Cost, Type D866 Welding 
Cable 


General Cable Corp., 420 Lexington 
Ave., New York 17, N. Y., announces a 
new Type D866, low-cost welding cable 

This cable is light in weight which 
means less fatigue for the operator. Rope 
strand construction of No. 34 A.W.G, 
bright annealed copper plus green cello- 
phone separator assures extreme flexibility 
and freedom of movement of the conductor 
within the rubber sheath and ready access 
to otherwise “‘difficult’’ spots. 

Type D866 cable is resistant to sunlight, 
impact, abrasion and repeated flexing 
and guarantees continuous operation of 
welding equipment. Available from stock 
in sizes 6 to 4/0 A.W.G. in coils or on reels. 


Plastic Cover Plate 


A new, clear plastic cover plate to pro- 
tect costly welding plates from damage is 
announced by American Optical Co. 

These new plastic plates—manufac- 
tured from methyl methacrylate, the ma- 
terial used for bombers’ noses and naviga- 
tors’ turrets during the war-—-meet the 
optical requirements of the Federal Bureau 
of Standards 

The plates do not pit as readily from 
welding spatter as glass plates; are 0.060 
in. thick assuring adequate impact resist- 
ance and will outlast ordinary glass cover 
plates many times over 

Two sizes available: 

4'/, in., and a slightly smaller size, 2 
4'/,in., provided on special order 


standard, 2 x 
x 


Automobile Battery Charger 
for Home Use 


To anyone who has arrived late for work 
on a cold winter morning with the “dead 
battery blues,”’ the announcement of a 
new automobile battery charger for home 
use will be of particular interest 

With a new special rectifier the “Line- 
welder 60," a low-cost home are welder 
manufactured by The Lincoln Electric 
Co., of Cleveland, Ohio, can be used for 
charging anv of the standard 6-v. lead 
acid automobile type batteries 

The “Linewelder 60° operates off the 
standard house light circuit fused for 30 
amp. so that now a low battery can be 
brought up or a dead battery restored to 
operating condition overnight at home 
To charge a battery the welder and recti 
fier is simply plugged into a light socket 
and the leads clipped to the battery termi- 


The **Linewelder 60°" home arc welder 

operating off the standard light circuit 

is used with a special small rectifier 

to recharge standard automobile 
batteries 
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The “Linewelder 60" itself was intro- 
duced a short time ago as a new welder to 
operate off a 110-v. light circuit yet have a 
design and operating characteristics com- 
parable to larger industrial welders. It is 
used in home workshops, repair shops, 
auto body shops and by sheet metal 
workers. In addition to battery charging 
and welding metals as thin as an automo- 
bile fender to '/¢in. thick, the unit also 
can be used for soldering, brazing, cutting 
and heating metals. As a home workshop 
tool it is used for making home repairs to 
cars, metal furniture, broken metal parts 
ind castings and for building shop and 
home equipment 


Repairing Tanks 


{4 common problem in many industries 


where toxic materials must be stored or 
handled is that of repairing tanks and 
other equipment by acetylene or are weld 
ing. In some cases, even after all explo- 
sion and fire hazards have been elimi 
nated, the element of toxicity remains or 
can be created by the heat of welding 

Now, after nine years of research and 
de velopment, a device has been perfects dl 
that enables a welder to work conveniently 
and safely in atmosphere containing toxic 
vapors, dusts and fumes 

William A. Newman of the Safety De 
partment of Ethyl Corp., in collaboration 
with representatives ot several oil com 
panies and Mine Safety Appliances Co., 
Pittsburgh, developed the protective 
equipment 

Although relatively simple, the device 
combines in one unit protection against 
ultraviolet and infrared radiation, impact 
and pitting and inhalation of toxic fumes 
The facepiece assembly consists of an air 
tight rubber mask and chrome leather 
hood with flexible breathing tube connec 
tions 

Described as the most distinctive fea- 
ture of the new device is the aluminum 
frame and flip-front assembly for holding 
the lenses Three lenses are used one isa 
permanent safety lens sealed in the as 
sembly the other two are removable 
welding and pitting lenses inserted in the 
flip-front Different shades of filtering 
ke nses can be us d dep nding on the t pe 
of welding to be done. The flip-front en 
ables the wearer to examine the worl 
without interfering with the respirator 


pore tection 


It provides 81° lateral 


The new facepiece affords wide angles of 
visibility 


vision in contrast with only 60 with the 


standard welding shield The vertical 
angle of vision in the new facepiece is 37 
against only 30° in the standard shield 

Although the unit weighs & oz. mor 
than standard welding shields, it has im 
proved weight distribution through the 
face and head supports. The distance thi 
lift front holder protrudes is not as great 
as in standard masks, Both of these fa 
tors partially offset the additional weight 

When connected with an approved air 
line, the incoming air stream enters the 
mask at chin level and flows over the lens 
window to prevent fogging. Two spent air 
outlets at jaw level direct the air stream 
around the interior of the hood 
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able stop as an optional accessory to their 
entire pallet truck line 
When the stop is not in use it is carried 


in a convenient holder on the pallet truck 


head frame 

Write to Lyon-Raymond Corp., 23665 
Madison St., Greene, N. Y., for complete 
information about the new stop bar 


Development of the new facepiece was 


in answer to the problems encountered by) 


the petroleum indust in the storage and 


Ethyl's 


Safety Dept with extensive experience in 


handling of leaded gasoline 


this field, was interested in providing 
means to repair gasoline tanks safely 
without the necessit of ostly tank 
cle aAnDINE and preparing oper ations 

With the new mask, however, all that is 
needed prior to welding is to eliminate the 
explosion hazard in the tank and under- 
ly ing soil We Iding operations then can be 
performed in a fraction of the time pre 


viously required as long as the new mask 


is used with an approved fresh air supply 
line 


Removable Stops 
for Pallet Truck Forks 


Many pallet truck users have more than 
one size pallet making it desirable to pur 
chase a truck with forks designed to earry 


their longest pallets When shorter pal 


lets are handled, the operator must take 


time to spot the truck in the pallet 
stopping at a certain point to be sure that 
the rear wheel of the truck will drop 
through the spacing n the bottom boards 

A bar with two pins or legs has been 
designed so that it ean be dropped into 
holes set at fixed points in the truck frame 
thus the forks can be quickly fitted to any 
number of popular size pallets. The stop 


limits the distance the forks can enter 
ind the rear wheels of the truck are always 


spotted for perfect operation 


Lvon-Raymond offers this new remov- 


New Products 


Work Holding Clamps 


Two new heavy-welded duty clamps 
have been developed by General Welding 
Corp., of Cleveland, Ohio They resem- 
ble other standard General toggle clamps 


in their rugged, all weld construction 


Heavy bar stock is featured in all models 


rhe plunger type clamp, Medel D-2, 
shown in the photo (top) employs a bronze 
plunger The advantage to the user is that 
weld spatter will not adhere and foul up the 
An extra long stroke, 
1*/,in., is provided, Pressure is 700 Ib 

Model C-2, shown at the bottom in the 


clamp Ss operation 


photo, is a horizontal type le clamp 


It is recommended especiall w milling 


and drilling operation Pressure rating ts 


1000 Ib., although much higher pressures 


may tx obtained ho 


rienmng the work 
bar 


Dual Flash Welder 


\ new heavy duty 75 kva. special dual 
flash welder designed for high-speed fabri- 
eation of wringer roll assemblies for wash- 
ing machines was recently developed by 
the Federal Machine and Welder Co 
Warren, Ohio ( apable of turning out 
finished parts at the rate of 400 to 450 per 
hour, the welder incorporates several 


important features including 


] Compactness of drive Lee of a 
standard Cone-Drive double-cnaveloping 
geared 40-to-1 speed reducer of only 4 in 
center distance takes care of the high 


maximum upset force of 4500 lb. at each 
end extended output shaft facili 
tates power transmission to upset cams at 
each end of welde 

2 Heavy ball bearing mounted steel 


shafts with enclosed bevel gears transmit 
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maximum torque of 3000 in -Ib. from Cone- 
Drive reducer to each upset cam 

3. Quick acting pneumatic clamping 
with trunnion-mounted double acting ai 
cylinders. Adjustable, self-aligning upper 
dies furnish 7000-Ib. clamping pressure 

4. Completely automatic machine 
cycle, except for loading and unloading of 
parts 

5. 2 bp., 440 v., 1200 rpm., 
motor equipped with 
speed pulley and solenoid operated brake 


6HO-evele 
teeves variable 


for accurate control of welding and upset 
evele 

6. Easily adjusted cams for actuation 
of evele control switches are coupled to 
Cone-Drive output shaft 

7 hight-point heat eontrols for both 
welds 

8. Patented side bar platen guides to 
insure accurate alignment of welded parts 

9 All moving parts are equipped with 
grease fittings for lubrication 


In operation, the tube which forms the 
wringer roll is placed on the lower dies at 
the center of the machine, and the eold- 
headed trunnions which are to be welded 
to the ends of the roll are inserted into 
fixtures mounted on sliding platens, Press- 
ing the start button causes the upper dies 
The sliding 
platens are then forced inward by Calls, 
the weld completed, part released and 
platens withdrawn by air pressure. The 
completed wringer roll is then unloaded 


to drop, clamping the parts 


Electrode Comparator 
Slide Rule 


A new pocket-sized G-E welding Elee- 
trode Comparator slide rule chart (Pub- 
lieation No. GEN-37) has been announced 
as available from the General Electric 
Co., Schenectady 5, N.Y 

This handy comparator slide rule lists 
all of Gul 
and indicates the type of service tor which 
All principal manutac- 
turers’ electrodes which are the closest 


s welding rods and electrodes 
each is designed 


equivalents for the application noted for 
G.E.'s red are also listed 
suitably keyed to A.W.S 
numbers and comparison data may be 
read directly off the slide rule 


Listings are 
classification 


206 


For the convenience of the operator the 
\.W.S. class designations are explained ou 
the back of the comparator slide rule to 
simplify selection of electrodes, 


Cast-lron Electrode 


Eutectrode 24 “Formula 1950” has un- 
dergone many new improvements. 

First, \he amperage required for running 
this electrode has been substantially re- 
duced. For example, the ®/»-in. size which 
normally requires 120 to 125 amp., can 
now be readily deposited on the same 
thickness of metal at only SO to 90 amp., 
further reducing the risks of stress and dis- 
tortion. The are stability, the rate of de- 
position and the flatness of the bead are 
unmatched by any other rod previously 
made 

Spatter is nonexistent, and most impor- 
tant for the operator is the ease with which 
the flux can be removed No chipping 
a brush will remove 
it The deposited metal is of extreme 


hammer is required 


density, free of porosity and cross checks 
und machinability is excellent Tensile 
strength is 50,000) psi hardness is 150 
200 Brinell 
keuteetrode 24 
valuable aid in’ repairing and salvaging 


Formula 1950" is an in- 
machinery and equipment. It is especi- 
ally useful for welding cast tron to cast 
iron, east iron to steel and for repairing 
Available 
» and Euteetrode 
24 "Formula 1950” is also made in special 

ein. size for welding heavy castings 
For free descriptive booklet write to: 
Kutectic Welding Alloys Corp., 40 Worth 
St New York 13, N. Y 


machining and foundry defects 
In sizes of 


Vew Producis 


HOW 


TO WELD PIPE 
FASTER AND BETTER 


@ The only completely engineered 
welding rings —Tube-Turn groove 
type rings with knock-off spacer pins 
—are the answer. They permit fast 
assembly with exact joint spacing and 
complete weld penetration. They're 
easy to use... save time. 


Ring snaps easily into place. Knock-off 
Spacer pins space and center the pipe 
accurately and automatically. 


Tacking completed, spacer pins are knocked 
off and the welder finishes his joint. Insert 
shows cross-section of ring and joint. 


The finished job... a perfectly welded 
joint. Irregular black area (see insert) 
indicates greater width of fusion zone 
obtained with Tube-Turn welding ring. 


FREE BOOKLET 


Write today for free 
booklet “Tube-Turn 
Groove Type Welding 
Rings.” Gives detailed, 
illustrated instructions 
on use... complete 
dimensions, weights, 
and prices. 


“Be Sure You See The Double tt” 


TUBE TURNS, INC. 


LOUISVILLE 1, KENTUCKY 
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DISTRICT OFFICES: NEW YORK + PHILADELPHIA + PITTSBURGH + CHICAGO + HOUSTON «+ TULSA + SAN FRANCISCO + LOS ANGELES 
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SECTION ACTIVITIE 


inthony Wayne 


The January meeting of the Anthony 
Wayne Section was held on Friday, Janu- 
ary 13th, in the Fort Wayne Chamber of 
Commerce Building. Following a Buffet 
Dinner a new 16 MM sound film entitled 

Unfinished Business”’ was shown through 
the courtesy of the United States Steel 
Corp 

The principal speaker at the technical 
was H, T. Smith, Development 
Engineer, The Linde Air Products Co., 
Chicago. Mr. Smith gave a most inter- 
esting talk on “Unique Applications of 
Oxygen.”” He showed colored movies 
along with his talk which covered such 
unusual uses of oxygen as fusion-piercing 
of blast holes in mining; powder cutting 
of stainless steel, cast iron, heavy skulls, 
spills and thimbles; open-hearth furnace 
electric furnaces; foundry 


SeSSlon 


operations ; 
cupolas, ete 

The March meeting scheduled for the 
17th will be a “Quiz the Experts” Program 
to which the Indiana, Detroit and Western 
Michigan Sections are sending teams to 
compete with the Anthony Wayne Team. 


frizona 


The regular meeting of the Arizona 
Section was held in the Aluminum Room of 
the Westward Ho Hotel, Phoenix on the 
vening of January [8th 

The Section was honored with the pres- 
‘ Frank Brandt, Assistant Sales 
Manager, Thomson Eleetrie Welder Co 
Mass. Mr. Brandt 
talk accompanied by 
showing “Modern Trends in 
Welding His lecture 
prompted a lively discussion which com- 
All present felt that 
learned something from the leeture 


nee ool 


ol Ly nn, 
instructive 


gave «a 
very 

hides, 
Resistance 


pleted the evening 
they 


Birmingham 


The January meeting of the Birmingham 
Section was held on the 12th at the Red- 
mont Hotel. Forty-two members and 
guests heard Raymond C. Freeman, 
Manager of Engineering for the Welding 
Division of General Electrie Co., present 
an interesting talk on the “Merits of 
A.-C, vs. D.-C. Welding.” 

Mr. Freeman's competent manner of 
presentation and his comprehensive cov- 
erage of his subject assured an interesting 
evening for all present. A lengthy dis- 
cussion period followed the talk, during 
which time Mr. Freeman elaborated on 
some points of special interest to the mem- 
bers and answered many questions. 


prepared by C. M. O’ Leary 


Boston 


The regular monthly dinner meeting of 
the Boston Section was held on January 
9th in the Campus Room, Graduate House, 
M.L.T. 

The dinner speaker, John G. Stilli, 
Sales Promotional Manager, Station WBZ, 
Boston, gave an illustrated talk with 
movies on ‘Television’ which was very 
well received. Technical speaker was 
Edward H. Roper, Air Reduction Sales 
Co., New York City, who spoke on a new 
welding process “The Aircomatic Welding 
Process." This was well presented and 
greatly interesting to present. 
Slides were illustrate the talk. 
Sixty-seven members were present. 


those 
used to 


Chicago 


Dinner meeting was held on January 
20th at Burke's Grill. film ‘Wings 
Over Viking Land” was shown through the 
courtesy of American Airlines. An inter- 
esting and beautiful picture of an airline 
vacation trip to Norway, Sweden and 
Denmark, 

Speaker at the technical session was 
S. Wheeler, District Manager, Shawinigan 
Products Co. Mr. Wheeler traced the 
history of the Carbide Industry from its 
inception to the present day. An inter- 
esting fact was that many of the questions 
following the presentation pertained to 
proper and improper use of carbide and 
generators, 


Cincinnati 


\ Resistance Welding Forum sponsored 
by The Precision Welder & Machine Co. 
was held on Tuesday, Nov. 22, 1949, at 
engineering Society Headquarters. _Mod- 
erator was E. W. Forkner, Vice-Pregident 
in Charge of Operations of The Precision 
Welder & Machine Co. 

About a ten-minute period was de- 
voted to each of the following topics by 
the speakers. Following these talks an 
open discussion was held on the subject 
in general with specific problems being 
answered by the panel of experts. 

“Maintenance of Resistance Welding 
Machines,” Ralph Pelton, Welding Engi- 
heer 

“Power Supply and Control for Resist- 
ance Welding Machines,” William G. 
Bostwick, Chief Electrical Engineer. 

“Design and Application for Resistance 
Welding Machines,” Carl Bertsche, Sales 
Engineer. 

The Forum was very well conducted by 
Mr. Forkner and the question and answer 
period following the talks was very ably 
handled by the men on the Forum. 


Section Activities 


Lew Gilbert, [Editor ofl Industry and 
Welding, was the speaker at the January 
24th meeting. Mr. Gilbert presented a 
very good clear-cut picture of some phases 
of maintenance welding in industry which 
are not ordinarily associated with welding 
A 16 mm, film showing various welding 
jobs was shown 
Following the meeting a “Dutch Lunch 

was served to all members and their guests 


Cleveland 


Mrs. Cloyd W. Kerlue Wits the dinner 
speaker at the January 11th meeting held 
at the Cleveland Engineering Society 
Mrs. Kerlue’s talk on “Obedience Train- 
ing’ was very well received 

Technical speaker was C 
Westinghouse Electric Corp., who pre- 
sented an illustrated Elec- 
trical and Welding Advantages of 3-Phase 
Convertor.” 

May 12, 1950, Hollenden Hotel, is the 
time and place of the first of a new series 
of annual symposiums by the Cleveland 
Section. 

This eleventh 
first of a new series 


B. Stadum 


address on 


symposium will be the 
It will offer a com- 
plete gas, are and resistance 
The speakers have been very 


program 
carefully 
chosen. 

The principal evening speaker will b 
the Countess Maria Pulaski of the Polish 
Royalty. During the war the Countess 
was a British spy in 
The Countess is quick-witted with a keen 


enemy territory 
sense of humor 

The Section chairman will be assisted 
by Stuart P 
the evening meeting. 

The much greater 1950 
Symposium to the contrary notwithstand- 
ing the cost of the dinner tickets including 
registration, will be the same as previous 
years: $4.50 each, $45 for a table of ten 

Esther Mullin was the feature of the 
Ladies’ Night Program held on February 
Sth at the Hotel Allerton Main Ballroom 
Her talk “Two Sides of a Microphone 
was enjoyed by all. Miss Carol Ann 
Elder, daughter of the Chairman, C. T 
Elder, played the plano for the community 
sing and also gave a short piano recital 
Free Buffet refreshments were served at 
9:00 PLM. 


Cramer, as toastmaster at 


cost of the 


Colorado 


Regular monthly dinner meeting of this 
Section was held on January 12th at the 
Silver Wing Inn, Denver 

Anthony K. Pandjiris, President of 
Pandjiris Weldment Co., gave an ex- 
tremely interesting talk and capably 
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Ideal for Construction, Maintenance and Repair Welding Anywhere 


General Construction + Oil Refineries + Railroads + Farms + Public Utilities « Auto Repair Shops 
Ship Yards + Air Conditioning & Sheet Metal Shops + Public Works + Aviation 
Plumbing « Truck Fleets - Mines & Quarries + Oil Fields - Material Handling « Yard Maintenance 


+ Heating & 


HIS is the only gas driven D-C welder that ts light enough and com- 
pact enough to go anywhere. 
One man can move it. Two men can lift it. It can be stowed with ease 
in a light truck, jeep or station wagon 
Not only can it be taken any place, but it will do a wide range of work 
and do it well. It can quickly pay for itself by cutting costs on hard-to- 
get-to welding jobs. 
Special design and the extensive use of aluminum makes the Sureweld 
light but strong. Features such as the air-cooled engine, heavy-duty 
generator, dual-control, armature reactance and governed motor speed 


result in high performance and long dependable service 


It’s Easy to Find Out for Yourself 
Would you like to see the Sureweld? It’s so readily portable one can be 
easily brought to you. Simply check the coupon at right and we'll 
have your nearest NCG representative arrange a demonstration. No 


obligation, of course. 


NATIONAL CYLINDER GAS COMPANY 


Executive Offices: 840 N. Michigan Avenue, Chicago 11, Illinois 


Copr. 1950, Nationa! Cylinder Gas Co 


THE MOST PORTABLE GAS-DRIVEN 
D-C ARC WELDER EVER BUILT 


Fits in light truck @r 
station wagon 


Two men can lift it 
with ease 


= 
ideal for ‘round-the- 
plant moaintenanes 


On-the-job welding, 
quickly done 


Arc welu anywhere new 
—with ease, speed 


Rolls across railroad 
tracks—or rough terrain 


CLIP AND MAIL THIS COUPON TODAY 


, NATIONAL CYLINDER GAS COMPANY 

' 840 N. Michigan Ave. Chicege 11, iil. 

' 

‘ © Please rush Illustrated Bulletin NH-12! containing full de- 
' tails of the SUREWELD Gas-Driven D-C Arc Welder 

' © You may arrange, at no obliga to me, a & ation 
, of the Sureweld. 
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showed the many advantages of Weldment 
design. His very forceful manner of 
speaking was an inspiration to all. 
Following the technical session an 
Army-Navy Football picture was shown. 


Columbus 


Monthly dinner meeting of the Colum- 
bus Section was held on Friday, January 
13th at the Fort Hayes Hotel. 

Pre-meeting feature was the showing of 
color slides of the Far East by Walter 
Hanes, Chairman of the Section. 

Technical speaker was Wm. Farrell of 
Sciaky Bros. Lne., who covered the subject 

Resistance Welding as Applied to Low 
Pressure Vessels and Structural Welding.”’ 

Mr. Farrell excited considerable com- 
ment with the use of very high currents 
for resistance welding both light gages and 
up to ® plate for structures 

The structural resistance welding evoked 
a lot of interest and Mr. Farrell was quite 
busy answering a great many questions. 

Three-phase d.-c. current with ex- 
tremely high currents, up to 130,000 amp., 
are a criterion to good welds on heavy 
sections 

Mill scale, up to now a deterrent to good 
By applying 
a combination of high current, preheat, 
postheat and high pre- and post-pressures 
welds good sound welds are achieved with 


welds is no longer a nemesis. 


a joint efficiency up to 90% 
These were a few of the points brought 
out by Mr. Farrell's talk. 


Dallas 


The Dallas, Texas Section held its 
January meeting on the 18th in the Audi- 
torium of the Mercantile National Bank. 
Dinner at Earl's Steak House preceded 
the mee ting 

N. G. Sehreiner of The Linde Air Prod- 
ucts Co. gave a very informative talk on 

Developments in Automatic Welding,”’ 
which was well received by the members 
present, 


Dayton 


Why Not a Universal Electrode?” was 
the topic of discussion at the January 
25th meeting held in the Dayton Engineers 
Club Orville T. Barnett of Metal & 
Thermit Corp., in his technical address 
gave the group a very thorough answer 
in showing why a universal electrode was 
He listed the various A.W.S, 
electrode classifications for low-carbon 


impractical 


steel and discussed each one in detail 
For each classification, he 
development, 


traced its 
listed its characteristics 
and applications and outlined its popu- 
larity. The address and discussion which 
followed did much to clear up the con- 
fusion which exists in many electrode 
classifications and trade name designa- 
trons 

Mr. Barnett also showed a sound color 
movie on “Mass Production of Massive 
Parts,” showing how thermit welding is 
used on a production basis in shipyard, 
locomotive and similar work 

In a short ceremony before the technical 
session, Chairman John Blankenbuehler 
presented Past-Chairman pins to three 
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members and cited their contribution in 
organizing and making a success of the 
Dayton Section. They were Al Mealey, 
Carl Smith and Ben Hausfeld. 

The meeting was concluded with a 
social hour with refreshments. 


Detroit 


Discussions on Open Arc Welding were 
presented at the January 13th meeting 
held in the Engineering Society of Detroit. 

Speakers were Joseph H. Humberstone, 
President. of Equipment Mfg. Div., Air 
Reduction Sales Co., and R. David 
Thomas, Jr., Vice-President and Director 
of Research and Engineering of Arcos 
Corp. Their subjects were Low-Alloy 
Steels and Stainless Steels, respectively, 

These discussions were well illustrated, 
clearly presented and stimulated consid- 
erable discussion following their presenta- 
thon. 


Hartford 


“Automatic Welding’ was the subject 
presented by J. M. Tippett at the January 
dinner meeting held on the 12th at the 
West Hartford-Rockledge Country Club. 


Indiana 


The January dinner meeting of the 
Indiana Section was held on the 27th at 
Buckley's Restaurant, Cumberland, Ind. 

Prior to the presentation of the technical 
speaker some Section business was trans- 
acted, including the appointment as dele- 
gates to the Purdue Welding Conference 
of E. O. Smith, Wilhelm Pollock and Ray 
Wirt. Two new members, Mr. Lewis of 
Precision Welder and Mr. Plemon of 
J. D. Adams were introduced and Chair- 
man Smith gave a talk on the membership 
drive. Visitors present included Robert 
Cobert of the Dayton Section and two 
members from the Tool Engineers Society. 

Technical speaker was F. E. Garriott 
of Ampeo Metal, Inc., Milwaukee, Wis. 
Mr. Garriott presented a clear cut, inter- 
esting talk on “Welding with Bronze 
Electrodes.” A film “Golden Horizons” 
was shown in conjunction with the talk. 


Kansas City 


Dinner meeting of the Kansas City 
Section was held on January 9th at the 
Advertising and Sales Executive Club. 

Anthony K. Pandjiris, President of 
Pandjiris Weldment Co., gave an enlight- 
ening talk on the subject Weldment De- 
sign. Mr. Pandjiris presented his talk 
so that both the engineer and shop man 
could readily understand 


Lehigh Valley 


John H. Berryman, Assistant to the 
Manager of the Technical Sales Division, 
Air Reduction Sales Co., was the guest 
speaker at the January 9th meeting held 
at the Fritz Engineering Laboratory, 
Lehigh University, Bethlehem, Pa. Q 
k. Charlesworth, Section Chairman, pre- 
sided at the meeting 

Mr. Berryman gave an illustrated talk 


Section Activities 


on the “Aircomatie Process,” discussing 
the development of this gas-shielded 
metal-are welding process. He told of 
combining the features of both metal-arc 
welding and inert-gas-shielded arc welding, 
this process having been developed pri- 
marily for the welding of aluminum and its 
alloys, but it has been used successfully 
for the welding of stainless and mild 
steels. 

Following the technical session there 
was a demonstration of the Aircomatic 
process under the direction of Wilham 
Benz, Welding Technician, Air Reduction 
Sales Co. 

The February dinner meeting was held 
on the 6th in the Hotel Bethlehem. A 
“Panel Discussion’ followed the dinner, 
at which time Q. FE. Charlesworth, Section 
Chairman, acting as Moderator, intro- 
duced the following members of the panel: 
Wayne Price, Air Reduction Sales Co., 
Earl David, Heilman Boiler Works; 
Fred Snyder, Metal Welding & Supply 
Co.; Joseph Kenworthy, Mack Manu- 
facturing Co.; Gilbert E. Doan, Lehigh 
University and R. A Bartholomew, Lehigh 
Structural Steel Co 

The discussion period covered all phases 
of welding. It proved to be a very inter- 
esting discussion with many of the mem- 
bers and guests taking part in a question 
and answer period 


Long Beach 


The first 1950 meeting of the Long 
Beach Section was held on January 20th, 
called to order by Gail Beekstrand with 42 
members present 

The first order of business was discussion 
through the question and answer period, 
also the filling out of questionnaires 

The main speaker of the evening was 
Hugo W. Hiemke and his talk was ‘New 
Application of Welding in Southern 
California,” accompanied with interesting 
slides. 

Membership Chairman Malton Teeter, 
introduced four new members and each 
member present pledged a new member by 
the next meeting 


Louisville 


Edward H. Roper, Assistant Manager of 
Air Reduction Sales, Technical Sales 
Division, was the guest speaker on Janu- 
ary 3lst. His talk was a discussion of a 
hew process and equipment for making 
inert-gas-shielded metallic-arec welds 

By using the blackboard, a movie film 
and a series of slides, Mr. Roper described 
the method of operation of the equipment 
and told of the advantages of using a con- 
sumable electrode with the inert-gas 
He stated that with this proe- 
welds were produced 


shielding 
ess high-quality 
without the use of flux and that cleaning 
and finishing was reduced to a minimum 
He said that for aluminum and its alloys 
the welding is very rapid and less weld 
metal is required because the joint open- 
ings can be narrower than for other meth- 
ods 

The evening closed with a social hour 
and a Dutch lunch 
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Varyland 


The second half of the present season of 
the Maryland Section was started auspi- 
ciously with a dinner attendance of 41 on 
January 20th, at the Engineers’ Club, 
Baltimore. The after-dinner ‘‘talk’’ was 
given over to a demonstration 
blowing by J. J 


f glass- 


Madine, technician in 


laboratory glass work. 

The members appreciated the common 
denominator of glass blowing and welding 
namely, skill and dexterity Employing 
an uncommonly high degree of perfection, 
these qualities created first a utilitarian 
piece of laboratory apparatus and then 
an artistic ornament The technical 
session was covered by a talk by Arthur 
N. Kugler of the Air Reduction Sales Co., 
New York, who initially described the 
various processes UsIng Inert AS A 
shielding medium by enumerating their 
individual characteristics. On this basis 
the talk illustrated how the most favor 
able traits of different methods were com- 
bined to evolve process and devices whic 
jointly satisfy the demand for a semiauto- 
matic or fully automatic method of 
welding the heavier sections of those al 
lovs which cannot be welded economically 
or with satisfactory quality, by coated elec 
trodes 

Che audience of about 90 persons partici 
pated in a vigorous discussion which was 
terminated rather by the lateness of the 
hour than by lack of interest 


Vichiana 


The men of the Michiana Section 
showed their ladies that the AMERICAN 
WeELpING Soctery means more than just a 
night out when they were entertained at 
the first Ladies’ Night the Section has ever 
held 4 dinner and a rose started the 
evening, with a very interesting discus- 
sion ol Synthetic Gem Stones by John 
P. Skinner, District Sales Manager, The 
Linde Air Products Co., 
Perhaps the high- 


forming the 
piece de resistance.” 
ight of the evening, at least for one lady 
was the drawing for the door prize—a 
synthetic ruby, cut and ready for mount 
ing 
Mr. Skinner traced some of the history 
and terminology of gem stones, including 
how Linde happened to get into the busi 
ness of making these synthetic stones 
Whik a few of these stones are now 
being made into gems, most are turned to 
industrial uses, such as bearings, in deli 


ate instruments, including w 


the gems now being made, the two most 
interesting are the star sapphire ind 
titania, The former is extremely rare in 


nature and a properly polished stone is a 
thing of exceptional beauty 

Samples of the various synthetic stones 
described were shown in the raw and cut 
stages While this seems somewhat far 
afield from welding, it made a very inter 


esting and informative meeting 


Vilwaukee 


The January meeting of the Milwaukee 
Section was preceded by a well-attended 
buffet dinner 
presented by a member of the Milwaukee 
Public Museum Staff for the coffee talk 
This beautiful film was taken during a 


A colored movie, film was 
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summer cruise of the Great Lakes and the 
St. Lawrence River, and it certainly routed 
all thoughts of the near zero weather out- 
side 

The technical speaker was L. BE. Kunk- 
ler who gave a history of the process ot 
metallizing from the very beginning up to 
This talk 
created a surprising amount of interest in 
the group and Mr. Kunkler was answering 


the most modern applications 


questions long after the meeting had been 
closed 

The first two meetings of the annual 
Educational Course have now been pre- 

The first 

January 23rd and 
30th Kk Jackson of the Caterpillar 
Peoria, Ll 


speaker and he devoted most of his atten- 


meeting Was he ld on 
the 


sented 
second on January 
was the first 


Tractor Co 


tion to the value of jigs and fixtures in 
ents 


producing precision wel 

DD. C. Smith of the Harnisehfeger Corp 
was the second speaker Hlis talk was an 
explanation of the metallurgy involved in 
welding as it affects the welder and his 
work 

There was an excellent attendance at 
both of these meeting about 250 eael 
evening 

During the month of January the Se« 
tion enjoyed a visit from the National 
President of the Socrery, O. B. J. Fraser 
Although Mr. Fraser could not attend the 
he Section Officers 


monthly meeting 


and Directors dic ve an opportunity to 


lunch with hi Fraser's discussion 


of the problet the Socrery as a whol 
and the membership problem in particular 


was of interest and helpful to the Seetion 


Vew York 


The New York Section held its first 
meeting in the new vear on January 10th 
The meeting was preceded by a dinner at 
Schwartz's Restaurant, where all the 
meetings to date this season have been 
held. Immediately after dinner, a motion 
picture entitled, “Conquest of the Hud- 
son’ was shown through the courtesy of 
The Port of New York Authority This 
film portrs 


ed the various stages of plan- 


ning and onstruction of the Lincoln 
Tunnel 

Erwin C. Brekelbaum, Executive Chief 
Engineer, Harnischfeger Corp., Milwaukee, 
Wis. was the principal speaker The 
was ‘Maintaining 
Weld Quality Through Production and 


subject of his 


(Quality Control Mr Brekelbaum 
stressed the importance of proper coor 
dination of the engineering, production 


planning, production and inspection de 
partments to obtain ¢ ment and economi 


al operation As a first step in this 
direction, Mr. Brekelbaum advocated the 


training of the design engineers in making 
proper drawing or welding. He dis- 
cussed the means by which his company 
accomplishes this end, and displayed a 
copy of the Engineering Standards Book 


they have compiled to guide their Engi- 
Department Mr. Brekelbaum 
stated that the Harnischfeger Corp. makes 
wide use of the A.W.S. Code on Standard 
Welding Svymbo 

they had extended the usefulness of these 


neering 


and he described how 


svmbols for their purposes by adding more 


information to the basic svmbol within the 


fishtail” of the arrow 


Section Activities 


Following the presentation of the techni- 
cal paper, a lively discussion was held 
Problems encountered in the engineering 
and production fields were discussed, as 
well as matters pertaining to the useful- 
ness to industry of the A.W.S. Codes and 
Standards. Many members of the audi- 
ence participated in this highly interesting 


discussion period 

i. B. Stolie was the Technical Chairman 
of the meeting, and adroitly conducted the 
discussion period at the conclusion of the 


technical paper 


Niagara Frontier 


This Section held its January dinner 
on the 26th at the Sheraton 
with an attendance 
1 80 at the technical 


meetin 
Hotel 
of 60 at t 
meeting 

I. Morrison of the Morrison Steel Prod- 
ucts, Buffalo, was the dinner speaker. Mr 
Morrison spoke on the membership and on 
the March of Dimes 

Technical 
Schreiner, Mer 


Norman G 
Service and Develop- 


speaker was 


ment Unionmelt Division, The Linde 
Nir Products ('o New York Mr 
Schreiner’s subject’ was The Effect of 
Various ‘Flux ind Composi- 
tions on Submerged Are Welding His 


talk was we illustrated and deseribed the 
welding behavior for each type of “Union 
mel ind the welding conditions suitabk 


overed 


each melt were 


Northern New York 


necting 
on January 26tt it the Cirele lun at 
Lathams, N. \ \ well-attended dinner 
heard J. G. Magrath, National Secretary, 
r speaker Mr. Magrath’s 
talk was both inspiring and informative on 


the support, activities and future of the 

The technical speaker for the evening 
was R. J. Metzler, service engineer for 
Handy and Harmar His talk 
titled “Production Applications of Silver 
Alloy Brazing’ and covered the funda 


mentals of brazing as well as numerus 


examples of production problems and 
solutions { new motion 


Silver-Alloy Brazing produced by Handy 


picture on 


ian Was shown for the first time 
o an A.W.S. Section It is 


and Har 


recommended by all who saw it 


Vorthwest 


The Northwest Section held no technical 


meeting ! Decemlx However on 
Decembe Uh the Section held tts first 
(Christ 4 Part Some ouples at 


supper held 
at the Hotel Francis Drake in Minne- 
apolis \wards were made at that time to 
in the mem- 
bership contest S. H. Olson was the 


tav Schwabe's winning team 


leading member procurer on this team 
The monthly meeting for January was 
held on the 9th at the Covered Wagon in 
Minneapolis An address was made by 
{ M. Sheridar Associate Director of 
Research for Alleghen Ludilum Steel 
Corp. at Brackenridge, Pa Mr. Sheridan 
spoke on the subject of The Welding of 
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Stainless Steel.’’ Mr. Sheridan first ex- 
plained the developments of stainless 
steels and the various types as to their 
contents covering the varying amounts of 
Chromium, Nickel and Carbon. 

Various slides were shown illustrating 
grain structure as well as crystallization 
and the effect of heat treatment on ductil- 
ity of various specimens 

The lecture concluded with the dis- 
cussion covering carbide precipitation in 
welding zones and the amounts from the 
different types of welding. The general 
question and answer forum followed the 
meeting 

Host for the Happy Half Hour preced- 
ing the dinner was O. J. Karna: 
resentative of Joseph T. Ryerson & 
Sons Co 


Oklahoma City 


The January meeting was held on the 
17th in the Mirror Room of the Biltmore 
Hotel. Several noted visitors were pres- 
ent and a great deal of interest and enthu- 
siasm was shown. 

The speaker was Dr. Waldo E. Stephens 
who spoke on the subject ‘False Security.’ 
He is one of the most widely informed men 
in the southwest on the national status of 
our Government economical 
standpoint. 

Dr. Stephens served in France during 
World War I and later spent several 
months in England, Germany and France 
conferring with these three powers on 
Postwar policies. He also toured the in- 
dustrial and shipping centers in Asia and 
kurope. One of his published works 
is ‘Revisions of the Treaty of Versailles.” 
He is a member of numerous committees 
dealing with world government, foreign 
policy and peace measures 

This program was far removed from the 
general type presented. The speaker's 
subject had nothing to do with welding 
either directly or indirectly; but it was 
well received and enjoyed by everyone in 
ittendance 


from an 


Philadelphia 


The Annual Joint Meeting of the Phila- 
delphia Section of the Amertcan Wetp- 
ING Socrery with the Philadelphia Section 
of the Society of Naval Architects and 
Marine Engineers as the host society this 
vear, Was as usual an outstanding success 
Phe large crowd present was indicative 
of the many common interests between 
the members of the two societies 

J. Lyell Wilson, formerly with the 
American Bureau of Shipping as Director 
of Research, spoke on “Research and 
Developments in Modern Steels for Ship 
Construction.” His participation in the 
research program investigating ship steels 
during and following World War IL has 
given him a thorough knowledge of the 
suitability of steels for ship construction. 
In the short time allotted to him, Mr 
Wilson did an excellent job of bringing all 
those present up-to-date on steel develop- 
ments and the suitability of 
welding. 

Following the usual custom of the 
Naval Architects, the discussion was 
guided by Harry W. Pierce, First Vice- 


steels for 


979 


mln 


President of the A.W.S., as meeting co- 
ordinator, and started with prepared 
discussion from F. H. Pennell, Metallur- 
gist, DeLaval Steam Turbine Co. and 
Captain Wendell P. Roop, U.S.N. (Ret.) 
associated with Swarthmore College. The 
informal discussion that followed indi- 
cated the general interest of those present. 

The Panel Discussion meeting on 
“Welding and Fabrication of High Tem- 
perature High Pressure Power Plant Pip 
ing’ which was held on Wednesday, 
February Ist, reached a new high for 
popularity. An overflow crowd of nearly 
150 jammed the Dining Room of the 
Engineers Club. 

William Manson, Piping Supervisor, and 
James Gleason, Jr., Welding Engineer, 
of United Engineers and Constructors, 
Inc., acted as the leaders of the Panel to 
introduce the subject and answer the 
questions that arose from the assembled 
group. The discussion and questions 
which continued for nearly two and a half 
hours were extremely informative and 
helpful. 

One of the big events of the vear is 
scheduled for Monday, March 20th, when 
the Philadelphia Section will be host to the 
Maryland, Lehigh and Washington, D. C. 
Sections in the “Battle of the Sections.” 
The teams, of high caliber for each Section, 
are expected to make the judge's decision 
a hard one 


Pittsburgh 


The regular monthly dinner meeting of 
the Pittsburgh Section was held on Janu- 
ary 18th at the Hotel Webster Hall and 
the Mellon Institute. 

Business matters, including the pres- 
entation of a “Norma” pencil to the 
speaker, were handled before the technical 
session. A committee meeting was held 
following the speaker to discuss arrange- 
ments for the Tri-State Meeting on April 
28, 1950. 

Dr. M. Gensamer, Assistant to Director 
of Research, Research and Technology 
Dept., Carnegie-Lllinois Steel Corp., pre- 
sented an illustrated discussion on “Steel 
Under Stress.” A film “Making and 
Shaping of Steel” was shown in conjune- 
tion with the address. An attendance of 
110 members enjoyed the presentation. 


Rochester 


The Rochester Section held its monthly 
meeting on Monday, January 16th. A 
dinner preceded the meeting. Chairman 
Walter Kazoroski opened the meeting by 
introducing the new members. A sports 
movie, “Sun Valley Ski Chase,’’ showed the 
“Hound and Hare” ski chase through 
this famous and dazzling ski country. 

The guest speaker for the evening was 
Clyde Martin of Wm. J. Meyer Co., 
Rochester, N. Y. His subject was “Light 
Gage Welding.’ Mr. Martin reviewed 
the history of welding and pointed out the 
tremendous progress in machines, materi- 
als, methods and procedures during the 
past 25 years. He emphasized the need 
for cooperation between the engineering 
and fabrication departments. The im- 
portance of selecting the type of welding 
to be used was cited as a prerequisite to 
the designing of a part. Here is pointed 


Section Activities 


out the advantages of various types ol 
welding and joint design. A lively dis- 
cussion followed. 


Saginaw alley 


The following are the reports on regular 
monthly meetings held by the Saginaw 
Valley Section since the start of the 1949 
50 season. 

Sept. 8, 1949-——Two plant tours. Tour 
No. 1 to Electric Auto-Lite Co. This 
plant builds auto horns, grilles, decora- 
tive trim, plastic products, speedometer 
cables and many other parts. Spot, 
Seam, Projection and Stud welding opera- 
tions were feature attractions of the even- 
ing. Very well liked 

Tour No. 2 to Bay City Shovels, Inc 
The are welding of heavy-fabricated parts 
used in the manufacture of the famous 
Bay City Power Shovels 

Dual plant trips are the exception but 
this one worked out very well as it pro- 
vided a program of interest to all types of 
members. Members made one or both 
tours as they desired. This is an excellent 
way of touring smaller plants or plants 
with only special welding interests which 
would not take all of one evening. Serv- 
ing of coffee and doughnuts in the cafeteria 
to members between tours was an excellent 
way to get the group together and pro- 
vided a resting spell. Refreshments were 
provided by Auto-Lite. 

Oct. 6, 1949— Plant 
plicity Engineering Co. 
of shakers, oscillating-type 
and foundry equipment. This arrange- 
ment works very well where a good place 
to hold a dinner meeting is near the plant 
to be visited. This enabled the Section 
to take care of Section business at the 
Dinner was enjoyed in the 


Tour of the Sim- 
Manufacturers 
conveyors 


same time 
Family Cafeteria 

Nov. 10, 1949-— Dinner 
MeNivens Hotel, Frankenmuth, 
Technical speaker was Martin P 
Consulting Engineer, Giffels and 
Inc. Mr. Korn held the 
through his presentation and was well 
received. His 
Design with Welded Rigid Frames 

Annual Christmas Party was held on 
Saturday, December 10th, at White 
Birch Hills Country Club, Alburn, Mich 
Dean Knight, of National Electric Weld- 
ing Machine Co., and Irving Mattson 
served as co-chairmen 

At 7:00 P.M. the party of 58 gathered 
around a punch bow! for an hour of con 
versation An excellent dinner was served 
at 8:00 P.M., following which door prizes 
were distributed. The prize, a 
radio, was drawn by John Clayton 

Irving Mattson assisted the 
with his saxophone and clarinet for danc- 
ing which ran into an overtime session 
while others of the party enjoyed various 
card games. 

All who attended voted the 
complete success 

Jan. 12, 1950-—-Dinner meeting at 
MeNivens Hotel, Frankenmuth, Michigan 
Speakers were A. Clemens, Jr., Research 
Engr., Arcrods Corp.; whose subject was 
“Welding of Low-Alloy Steel,” and R. D 
Thomas, Jr., Director of Research & 
Eng., Arcos Corp.; whoseYsubject was 


meeting at 
Mich 
Korn, 
Valet, 


audience all 


subject was “Creative 


grand 


orchestra 


party a 
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“Welding of Stainless Stee! Very well 
presented. Present were Detroit Chair- 
man, T. J. Crawford, C. E. Phillips and 
Bill Walker 


Salt Lake City 


January 12th dinner meeting held at 
Hotel Temple Square, Salt Lake City, 
Utah. Dinner speaker was Vadal Peter- 
son, Head Basketball Coach at the Uni- 
versity of Utah, who told about basketball 
games at St. Johns and Madison Square 
(jarden. 

Technical speaker was Prof. A. B 
Kemp, Utah State Agricultural College, 
Welding Dept., who spoke on w hat college 
can do for the welding profession 


Susquehanna Valley 


rhe third meeting of the 1949-50 season 
was held Wednesday, December 7, 1949 
at the Hotel Sterling, Wilkes-Barre, Pa 
F. L. Brandt, Asst. Sales Manager, 
Thomson Electric Welder Company, Lynn, 
Mass., spoke on the subject. of “Resistance 
Welding’. 

The dinner was followed by sound movies 
of the Bikini atom bomb tests furnishing 
a timely topic for Pearl Harbor Day. This 
film was only recently removed from the 
restricted list and made available to the 
public 

Mr. Brandt spoke of the chief factors 
which afford sound resistance produced 
weldments covering power, pressure and 
electrodes. His talk included illustrations 
depicting a great variety of resistance 
welding machines all designed to perform 
specific jobs 

Mr. Brandt described the differences of 
butt, flash butt, and synchomatic welding 
machines and had samples to show actual 
production weldments. Mr. Brandt con- 
cluded by giving the many production 
welding people present a rule of thumb 
theory that the upset pressure used in rv 
sistance welding equals 70 per cent of the 
ultimate tensile strength of the material be 


ing fused to produce optimum strength 
welds 

\ question and answer period followed 

Dinner meeting held at Hotel Berwick 
Ball Room, Berwick, Pa., on January 
4th. John Hewitt entertained the dinner 
guests with humorous short stories which 
were thoroughly enjoyed. Technical 
speaker was G. | Bellew, Steel Mill 
Specialist of Airco, whose subject ‘“Cut- 
ting, Gouging, Scarfing’’ was well received 
as well as a film, “Flux Injection Cutting.” 

The April meeting is scheduled for the 
5th of April E. C. Korten of the Hart- 
ford Steam Boiler Inspection & Ins. Co., 
will speak on “Boiler Codes.”’ 


Western Massachusetts 


On Tuesday evening, January 16th, the 
Western Massachusetts Section held a 
joint meeting with the American Society 
for Metals at the Hotel Sheraton in 
Springfield. Dr. Ernest Nippes of Rens- 
selaer Polytechnic Institute, reviewed the 
work being done on Weldability of Steels 
The original research on weldability 
established the fact that hardening and 
the accompanying loss of ductility near 
the welds are directly related to the 
Present work is aimed at 
synthesizing various weld microstructures 
which are found at different distances from 
the weld counterline and testing these 
microstructures 

Following Dr 


cooling rate 


Nippes talk, brief 
question and answer period, conducted 
by Sidney Low of the Chapman Valve 
Manufacturing Company, indicated great 
interest in the subject About 80 persons 
attended the meeting 

Dinner speaker was Charles H. Thaver 
who told how business was conducted in 
the Connecticut Valley in Revolutionary 


times 


Wichita 


\ buffet supper was served at the Card- 
well Mfg. Co., Inc. Plant on January 10th 


The Wichita Section of A.S.M. was invited 
to this meeting. A plant visit was made 
from 7:30 to 8:00 P.M. Following this 
Anthony K. Pandjiris, President, Pand- 
jiris Weldment Co., St. Louis, Mo., spoke 
on “The Design and Production of Weld- 


ments."’ Slides were used to illustrate 
the talk, both of which were very well 
received \ demonstration of induction 


hardening was followed by another plant 
visit from 9:30 to 10:00 P.M. This was 
another very good meeting and another 
record attendance of 96 The speaker 
was interesting, well informed and pre- 
sented an unusually good approach 
Some 45 A.S.M. Section members were 
present 


Worcester 


The January 25th meeting of the Wor- 
cester Section, was held at the Tower 
House Kighty-five members and guests 
turned out to hear Charles H. Jennings of 
the Westinghouse Electric Corp. present a 
paper on “Planning for Welding.’ Mr 
Jennings declared that in many shops 
drawings are inadequately marked for 
welding, so that the welding operator, 
often times, is the sole judge of the quan 
tity of welding, size of welds and proce- 


dure to be used Good welding is a joint 


responsibility of engineering and the shop 
Those in charge of engineering should have 
a knowledge of welding, welding terminol 
ogy and metallurgy sothat the proper mate- 
rials will be selected from the standpoint 


of weldability as well as strength. The 


shop is responsible for the qualification of 
welding operators 


A movie 


before the dinner meeting 


lrees to Tribune’ was shown 


Western Michigan 


The Western Michigan Section is plan- 
ning its Annual Welding Conference for 
Friday, April 22nd 


| abstracts of 


CURRENT WELDING PATENTS 


LF-SYNCHRONOL CUTTING 
Macuine--Roseo R. Loboseo, Eliza 
The Linde Air 
Ohio 


rt patent relates to a tracer-type ol a 
cutting machine wherein a follower tool is 
provided and where means moves such 
tool in accordance with movements of the 
tracer The follower tool may be dis- 
connected from the tracer and a self 
synchronous generator, which normally 
controls movement thereof, so that the 
tool can be moved independently of such 
Another electric motor means 


generator 


Maren 1950 


prepared by V. L. Oldham 


is provided for moving the tool when dis 
onnected 1 t tracer and thi inst 

tor ! and electrically 
connected with tl trol synchronous 


Printed copies of patents may be obtained for 25¢ from the Commissioner of Patents, Washington, D. € 


veld rod at a pluralit spaced points 
thers ny As the ia progresses to 
each point lrent iy the current 
up] topped at that 7 is 


generator referred to before 
2,494,718 -Metno or ELecrre AR 
P. Palmer, Steuben- 
le, Ohio 


Palmer's welding method includes laying 
1 weld rod along a desired line of weld 
upon a workpiece with the weld rod being 
ld are 
is struck between the weld rod and the 


insulated from the workpiece A we 


workpiece and current is applied to the 


Current Welding Patenis 


applied eld tata her point 
spaced apprecial the weld, 
wit! veld t hile Deming sup 
plied bY the other irrent supp contacts 


ng t Ll ee ection with the 


System Lester 
Greenfield, Wis., assignor 


ny Milwaukee, 
Wis., a corporation of Delaware 
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This welding system includes an alter- 
nating current supply, a capacitor, recti- 
fying means for charging the capacitor 
and a normally nonconducting electron 
tube having its main electrodes connected 
to the capacitor and having a control 
electrode upon which initiation of the tubes 
conduction is dependant. Other means 
supply limited half-cycles of a given 
polarity of electric energy to the control 
electrode to initiate discharge of the 
capacitor through the tube. A translat- 
ing circuit is provided and energy trans- 
mitting means are connected between the 
current supply source and the translating 
cireuit which is dependant for effectiveness 
upon discharge of the capacitor. 
2,494,847—-Sarery CONTROL FOR 

Wetpers—Jerome B. Welch, Wauwa- 

tosa, Wis., assignor to Cutler-Hammer, 

Ine., Milwaukee, Wis., a corporation of 

Delaware. 

An electrode carrier having first and 
second parts with straight-line lost-motion 
connection therebetween is provided in 
this patent. An electrode is carried by 
the first part and movable into and away 
from the work whereas cooperating con- 
tact elements are associated with the 
earrier for control of the electrie supply 
cireuit therefore Power actuated means 
are provided to take up the lost motion 
hetween the carrier parts to close the con- 
tact elements carried thereby and provide 
electrical energy for the elect codes. 
2,494,856-—Devier ror Making Coarep 

WeLvING tops Bernard 

Aninga and Jan hindhoven, 

Netherlands, assignors to Hlartford 

National Bank and Trust Co., Hart- 

ford, Conn., as trustec 


Johannes 
Tenger, 


This patent covers a specialized appara- 
tus of the character indicated 


240,904 Meran Corring Macuine 
Gumersindo V. Gamallo, Youngstown, 
Ohio 
The patented metal-cutting machine 

includes a bridge member spanning cer- 
tain metal mov Ing Means and frame mem- 
bers that are adjustably positioneg on the 
bridge member A cutting torch is posi- 
tioned on each of the frame members and 
control means are individually provided 
for the cutting torches. A predetermined 
spaced relationship is maintained between 
the torches and the metal to be cut 
whereas additional means are provided for 
simultaneously manipulating the control 
means on each of the cutting torches, 


2,495,129 Wetoine 
Clarence Earl Perrine and Archibald 


Murray Brown, Akron, Ohio, assignors 
to The Firestone Tire & Rubber Co., 
Akron, Ohio, a corporation of Ohio. .* 
Certain gas transfer equipment is pro- 
vided in this patent and is adapted for use 
interiorly of a cylindrical and rotatably 
mounted workpiece whereby a gas inlet 
element can be positioned within a cylin- 
drical workpiece and provide gas flow to 
the weld area as a_ circumferentially 
directed weld is formed in the workpiece 


SraBi.izep 

Arc System—Ear! B. Anken- 

man, Cincinnati, Ohio, assignor to 

Westinghouse Electric Corp., East 

Pittsburgh, Pa., a corporation of 

Pennsylvania. 

The combination of an arc-welding 
circuit, a high-frequency are stabilizer and 
coupling means connected in the are- 
welding circuit to couple the stabilizer and 
the are-welding circuit, are provided in 
this patent. Impedance means are con- 
nected in shunt relation with the coupling 
means to provide a path for a portion of 
the are-welding current. 


2,492,200 Conrrot MecHaNism 
ror Hermann W. Stieglitz, 
Marblehead, Mass., assignor to Thom- 
son Eleetrie Welder Co., Lynn, Mass., a 
corporation of Massachusetts 
This patent covers a special control 

device for the motion of a platen of a 

flash-butt welding machine 


2,492,551—Resisrance We.pinc— Paul 
FE. Brunberg, Detroit, Michigan. 
Brunberg’s apparatus relates to an elec- 

trode mount for a spot welder and includes 
a guide means that permits a translatory 
movement of the electrode. A spring 
exerts a force on the electrode, a toggle 
loads the spring in its overcenter position 
and solenoid means are provided for con- 
trolling the position of the electrode. 

2,492,572 ‘Tustne Support ror TusBinG 
Wevpvers Rea L. Hahn, Richard W. 
Spears and Bernard EB. Frank, Roches- 
ter, N. Y., assignors to General Motors 
Corp., Detroit, Mich., a corporation of 
Delaware. 

A special fixture for supporting tubing 
in an electric welder is disclosed in this 
patent. 

2,492,578 ELecrrope 
A. Johnson, Milan, Ill. 
Johnson's electrode has means therein 

for providing cooling fluid for a recess in 

the rear of a tip that is mounted in one 
end of the electrode holder, 


Harold 


2,493,143--Wetp Rop 
Houston, Tex. 


Glenn R. Ingels, 


This patent discloses a method of mak- 
ing an easy flowing weld rod and it com- 
prises depositing a special material upon a 
binder material. The binder material is 
forged intimately in between the grains of 
the other material. 


Ferrute FoR WELDING 
Evans, Atherton, Calif., 
mesne assignments, to 


2,493,283 
Charles 3. 
assignor, by 
Morton Gregory Corp , a corporation of 
Michigan. 


Evans’ patented construction encloses 
the end of a stud as it is being welded to a 
plate. His ferrule has internal and ex- 
ternal recesses extending axially of the 
device from opposite ends thereof and 
past a common plane perpendicular to the 
axis of the ferrule to join a vent formed in 
the sleeve. 


2,493,372 Brazine FLux Composrrion 
Harold R. Williams, Cleveland, Ohio 


This novel flux includes small amounts 
of zine chloride, ammonium chloride and 
eryolithionite and large amounts of di- 
ethylene glycol monoethy! ether and braze 
alloy particles 


WELDING 
ELECTRICAI 
Hans Klem- 


2,493,762 — Resistance 
Mernop EMPLOYING 
ENERGY SroracGe MEANS 
perer, Belmont, Mass., assignor to 
Raytheon Manufacturing Co., Newton, 
Mass., a corporation of Delaware 


Klemperer’s method comprises storing 


electrical energy, discharging the stor: 
energy into a resistance welding loud 
trapping the residual energy of the ch 

charge in the same polarity as the initial 
charge of stored energy and building up 


the residual energy to the initial value 


2,493,950 Hicu-Frequency INpucriv: 
Apparatus — William G. Dow 
and Harold C. Early, Boston, Mass., 
and Henry J. Gomberg, Washington, 
assignors to General Motors 

Detroit, Mich., a corporation ot 

Delaware. 


Corp 


This high-frequency apparatus has a 
plurality of conductive supply 
means shaped to form concentric portions 
of a platform for a workpiece. The plat- 
form has an opening therein and groups ot 
magnetic and nonmagnetic laminations 
are positioned in the opening to respec- 
tively concentrate the current in and to 
cool the surface of the work 


power 


Society. 


WELDING METALLURGY 


The internationally known book on the above subject originally written by Henry & Claussen 
has been completely revised, enlarged and brought up to date by G. E. Linnert. A book of 


505 pages, handsomely bound, price $2.50. Order your copy now! 
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PRODUCT 


AT A PRICE! 


Wire in special 
layer-wound coils 


for submerged 


arc welding 


wire Cae 
ia ¢ i Grades Regularly in Stock 
“RACO” Mild Steel 
. : “RACO” High Tensile 
“RACO” High Mang 
“RACO” High Mang-Moly 
Furnished in all standard size catchweight coils 
and layer-wound coils 


You profit by these RACO extras: Rigidly inspected high quality steel. 
Beautiful bright copper coating. Uniform layer winding. All layer-wound 
coils are of uniform weight. Controlled curvature to insure proper feed-off. 


Wire is drawn, copper coated and layer-wound in one continuous opera- 
tion on special machines developed by us. 


Coils are protectively and handily packed in heavy corrugated cartons 
to eliminate removing yards of wrapping paper on individual coils. 
Orders of one or more tons are packed twenty-eight cartons to a steel 
strapped pallet. Our special packing methods save you time, labor and 
storage space. Our superior quality assures superior welds. 


We REID-AVERY COMPANY 


INCORPORATED 
DUNDALK BALTIMORE 22 MARYLAND 


It is the sales policy of The Reid-Avery Company, Inc., to Members of THE AMERICAN WELDING SOCIETY 
market our products exclusively through distributors and agents. and THE NATIONAL WELDING SUPPLY ASSOCIATION 


Marcu 1950 


j 
§ 
| 
275 


Stiles, 


LIST NEW MEMBERS 


ATLANTA 
Kelly, L. L. (B) 
BOSTON 


Brooks, James W. (( 

Clark, Joel (C) 

Sullivan, Robert J. (C) 
Udin, Harry (C) 


BRIDGEPORT 

Zinn, Walter J. (C) 
CHATTANOOGA 
suffington, Harold D. (C) 
CHICAGO 


Chester, W. T. (B) 
Feil, Hugh J. (C) 

Horton, W. B. (C) 

Quinlan, Ralph E. (C) 
Risak, Frank A. (C) 
Strutz, C. R. (B) 


_ CINCINNATI 


MeVay, Turner (B) 
| CLEVELAND 
Strohl, Orval A. (B) 
COLORADO 


| Krening, Henry H. (C) 
Smith, Fred R. (B) 


COLUMBUS 


Nelson, Jerry (D) 
Rock, Stephen Louis (D) 


DALLAS 


Houston, J. B. (C 
Aubrey A. (B 


DAYTON 


Blevins, Paul G. (D 
MeVay, Wellesley J. (D 


DETROIT 


January I to January 31, 1950 


Goffin, George (B) 
Greenwood, Walter, Jr. (B) 
Hill, A. R. (C 

Joysey, Thomas (B) 

Key, Owen R. (B) 
Kirkhof, Russell H. (B) 
Macko, Andy (B) 

Prange, M. (C) 

Reed, Edwin B. (C) 
Robinson, Marshall A. (B) 
Runson, Frank (B) 
Stephens, James F. (B) 
Tussy, Don (B) 

Zisman, C. H. (B) 


HARTFORD 
Hanelius, Otto A. (C) 


HOUSTON 

Dawson, R. A. J. (B) 
Trimble, Edwin Logan (C) 
INLAND EMPIRE 
Wold, Cornell (C) 


LEHIGH VALLEY 
Astleford, Thomas F. (B) 


Marvin, Perey E. (C 

Sny der, 

Topractsc yglou, 
(D) 


James Nevin (C) 
Anastasios 


LONG BEACH 
Carlson, Donald A. (€ 
Robinson, Herbert B. (C 
LOS ANGELES 


Boren, William R. (D 
Louis N. (D) 
Greve, Elmo M. (D 
Rie “gel, Robert G. (B 


MARYLAND 
Jakoby, Edward N. (C 


A. 


NEW JERSEY 


Hansen, Carrol (C) 
Hila, John (C) 

Holton, James T. (C) 
Nilssen, Lief (C) 

Vogt, Edward (C) 
Wilson, William T. (C) 


NEW YORK 


C. A. (B) 
Moog, George C- (C) 
Plants, H. J. (€ 


NIAGARA FRONTIER 


Quasny, Ervin W. (C) 
Steele, R. O. (C) 


NORTHERN NEW YORK 
Covell, B. W. (C) 
Grant, J. (C) 
Hoesly, H. B. (C) 
Johnson, Charles R. 

aros, George T. (C 
Miller, W. ~y (C ) 
Mizinski, / 
Petry, W 
Reinecke, Claren H. (C 
Roberson, A. P. (C) 
Swanson, Oscar A. 
Wells, G. H. (C) 
Williamson, L. H. 
Young, F. O. (C) 


PHILADELPHIA 


Brown, Walter P., Jr. (B 
Hester, W (B 
Keeler, F. J. (B 
Madeira, Francis J. (C) 
Schoeni, W. (B) 

Smith, Antrim (C 


PITTSBURGH 


Diehl, T. T. (C 
Landkrohn, John G. (C) 
Wheeler, Paul 8. (C 


PORTLAND 


(C 


Vasarhelyi, D. (C 
RICHMOND 

ohnson, Frank W. (C) 
Villiams, 8. G. (C) 
Wilson, Charles A., Jr. (C 
ROCHESTER 

Lamont, Louis E. (C 
Meyer, William J., Jr. (C 
SAGINAW VALLEY 
Cox, Orville (C 
Jenkins, James (B 
Johnson, Alvin Jack (D 
Merkel, Arthur P. (D 
Zapolski, Sylvester B. (C 
SALT LAKE CITY 
Hulbert, Harold (C 

Pope, Louis A Cc 

SAN FRANCISCO 
O'Neill, John 8., Jr. (B 
SUSQUEHANNA VALLEY 


Lenington, George 
Wiggins, T. L. (C 


SYRACUSE 

Darrone, Donald W. (B 
Maestri, John B. (C 
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Preliminary ke 
Investigation 


by J. Lyell Wilson 


INTRODUCTION 


HE application of peening as an adjunct to the 
welding procedure, in certain circumstances, is not 
new and is almost as old a practice as that of metal 
are welding itself. The use of peening in this art 
appears to have evolved in a more or less haphazard 
manner and to have been credited as a benefit prin 
cipally because some joints which otherwise could not 
be completed in one piece were found to be possible ot 
satisfactory completion when peening was introduced 
as part of the welding procedure for the problem Joints 
Since the tendency toward cracking during the welding 
process, especially under conditions of high restraint 
was attributed to the effects of shrinkage, loosely re- 
ferred to as residual stress, and because the use of peening 
minimized such cracking, the practice of peening was 
assumed to be beneficial in reducing residual stresses 
While there are instances, as with very heavy weld- 
ments having extremely high geometry restraint, where 
interpass peening did not prevent cracking, the practice 
of peening in general has been satisfactory in this 
respect. The theories evolved to explain why such 
benefits accrue from peening are as diverse as the tech- 
niques thereby recommended and even required. Such 


J. Lyell Wilson formerly Research Director, American Bureau of Shipping 
New York, N. Y., is now a Consulting Naval Architect, New York 
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ults of Welding-Peening 


® A preliminary report on a comprehensive investigation to 
evaluate each of the many variables involved in peening. 
New measuring tools and equipment have been developed 


methods range from the two extremes, that of peening 
only the external weld passes, and that of peening only 
the internal passes Other equally important factors, 
such as optimum temperature, size (weight) of hammer, 
size (weight) of tool, shape of tool and relative degree of 
“riding” the hammer, ete., have been less clearly de- 
fined or established than have the general procedures 
of the peening operations 

Whatever the reason may be for any observed bene- 
ficial effect of peening, however, at least one careful 
investigation disclosed that practically negligible differ- 
ences in residual stresses resulted from the application 
of one recognized peening technique compared with 
that of an unpeened comparable sample ' 

From these tests the conclusions drawn by the authors 
are summarized as follows 

| In butt welds hot peening does not reduce residual 
stresses unless the last passes are peened 

2. The longitudinal residual stresses of welds may be 
reduced to less than 25,000 psi. by peening the weld 
after it has been completed and cooled nearly to am- 
bient temperature. This procedure will not produce 
appreciable reduction of the transverse compression 
at the ends of the weld, or reduce the transverse tension 
in welds under transverse restraint 

3. Peening, to obtain maximum reduction (below 
21,000 psi 


the transverse compression at the ends of welds or to 


of longitudinal residual stresses, to reduce 


reduce the transverse tension in welds having high- 
transverse restraint, must be applied to the weld and 
adjacent plate metal for at least 2 in. on either (both) 
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Fig. 1 Welding peening machine 


side of the weld after it is completed and has cooled 
nearly to ambient temperature. 

4. Deposition of the last passes of a weld after all 
stresses from previous passes have been eliminated will 
produce residual stresses of approximately the same 
magnitude as would have existed had no stress relief 
taken place on previous passes. 

Such findings appear to be seriously contradictory 
to the theory upon which interpass peening was pred- 
icated. However, it should be noted that the im- 
plied major premise for this project was that residual 
stress is the sole criterion for the establishment of 
final quality. It is therefore a significant observation 
that the same investigators subsequently reported 
other findings in residual stress studies on ship plate 
panels and related structures which formed the prin- 
cipal foundation for the conclusion that residual stress, 
as such, had very little if anything to do with failures 
(i.e., were not a major cause for fracture). Under the 
circumstances it seems advisable to suggest that the 
peening problem may not be solved through a study of 
resultant residual stresses alone and that other criteria 
must be explored for a more complete picture. 

In the aforementioned project every effort was made 
to attain good reproducibility which incidentally poses 
many difficult problems which have discouraged some 
investigators from pursuing the problem of peening. 
Apparently, however, the air pressure was controlled at 
between 95 to 105 psi. and the several air hammers 
ranged from 2800 to 5200 blows per minute. These 
characteristics are apparently manufacturers ratings. 
The rate of peening (tool travel) and the amount of 
loading (riding load) were controlled, as well as could be, 
manually and, since one standardized procedure was 
developed and used, sufficed for all practical purposes 
to produce relative values. 

Although the results were not published in Tue 
WeLpiInG JOURNAL until about 18 months later, an 
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Fig. 2. Driving mechanism 


investigation was being carried out on weld peening 
at the University of Washington? almost concurrently 
with that previously mentioned at the University of 
California. 

While further effort was made in this second study 
to develop a holding jig for the hammer for greater 
control and better reproducibility of peening, the crite- 
rion of residual stress (effect in stress relief) is specifically 
the major premise. Data regarding air pressure, ham- 
mer size and frequency of blows are not included but 
it is assumed that only one size of air hammer was used 
in this investigation. Some of the answers to the 
questions indicated as the seope of this second thesis 
must therefore be assumed to be based ©n academic 
reasoning. ‘The conclusions are summarized es follows: 

1. Cold peening is purely a surface-working effect. 
The depth of crystal deformation for a given tool will 


depend on the impact of the hammer and size and shape 


of tool. The larger hammer with greater impact 


Fig. 3 Oil bath and jig 
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remains to be solved. Even though 


we admit that peening appears to 


’ be desirable under some circum- 
00 . . . 
i - - $+ stances there is very little real evi- 
I [— 1 dence as to whether such peening 
0.947 dha, | results in effects of such nature as 
| } to balance or unbalance benefits 
+ | and detriments, if both exist after 
= peening As indicated in the fore- 
ake going summary two outstanding 
2s ‘ 
oe T - investigations into one phase of the 
| problem there are at present two 
17 | diametrically opposite conclusions 
= derived from different techniques 
r aimed in the same direction. On 
| the one hand it is demonstrated 
= 3 ha ~ RAM WE RAM WEI that no appreciable change in re- 
670.5 grams 504 dgrams sidual stress results from peening 
CYLINDER HOLDING wae OAM except by a specific and unusual 
RAM WEIGHT method and on the other hand it is 
Figure 4 
stated as a result of comparable 
study that a generally accepted 
streneth lI pr duce more depth ot indentati n and peening technique ‘will give plastic fl Ww and full stress 


plastic flow. \ tool of smaller area in contact with the 


metal | ng peened vill produce gre 


ater depth ol 
none ol large I 


2. For field w 


plastic flow area. 


j rk using electrode sizes suitable for 
all-position application (6010 Classification) peening 
to the tent f 1.5 min per square inch of exp sed 
bead a1 | give plastic flow and full stress relief 
with tools | hammer described in this paper. (It has 
been noted that the data regarding hammer and tools 
are not included in the published discussion 

3. Floking nay serve as an indication for extent of 
peening i his condition appears to occur at the point 
where the eldment no longer responds to peening 
No harmiul effects from flaking were observed if sub- 


sequent passes 
$4. No 


served It 


vere applied. 

appreciable reduction in ductility was ob- 
is assumed that ductility here refers only 
to the orthodox characteristic since only standard joint 
tests are mentioned in the text 
5. In 


has no influence 


asing or decreasing the “hold-on’’ pressure 


m the amount of work 
he shoulder of the tool is 


ning of each stroke 


Act omplishe d 
at the begin- 
the 


This requires only a nominal 


by a hammer, if t 


of the ram, properly engaged by 


barrel of the hammer 


amount of elfort from the operator. 


6. \ Ss iall spheri ally shaped pet ning to | will vive 


more rapid crystal deformation than a larger tool which 


is more nearly flat on the face It appears that where 


avery flat tool is used, the peening erect is superficial 


A spherically 


shaped tool of smaller size will be con- 
ducive to greater indentation and deeper plastic flow. 


Since the foregoing investigations were both based 


residual stress, and 


ted because residual 


upon the same criterion as pre- 


viously st stress Is now considered 


relatively of minor significance, it appears that the 
entire problem regarding the relative benefits and 


deleterious effects, 


if any, of the peening of welding 
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Pee ning 


relief 
This sort of a situation merely emphasizes the fact 
that the eftiects ot peening must be expli re d under con- 


ditions which will permit more accurate evaluation of 


not only those effects which more accurately reflect 
the most critical characteristics of the welded joint 
but also of the variable characteristics of the very 
pneumatic tools which are almost universally used for 


peening. Accordingly the American Bureau of Ship- 
ping proposed to the Welding Research ¢ 


welding-peening 


ouncil that a 
project be sponsored through the 
appropriate Committee along substantially the follow- 


ing lines 


Welding Research Council and American 


Bureau of Shipping—Welding-Peening 
Project 
OBJECTIVES 
\t the very olitset, the Peening Committee of the 


Welding cided 


possible objectives of the investi 


Research Council de that the following 


gation should be con- 


sidered as the project devel pe d 


l lurnish scientific data as to the correctness of 
code requirements relative to the elimination of the 
peening of the first and last layers 


2. Information as to the variables of peening which 


might be used by codes as a matter of control 


3. Effect of peening on transition temperature of 
weld metal and the welded joint as a whole 
Within the scope of these objectives and by using 


automatically controlled 


welding and peening opera- 
tions, it was proposed that the following principal varia- 


bles should be explored 


a weight ) of hammer 


b 


™1ze 


Adjustment of air 


stroke frequency 


pressure. 
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copper), 0.50 in. diameter by 0.425 in. length, 
which were completely annealed, quenched and 
pickled before being used. The for 
energy comparisons was to be the stress-strain 
measurement data of identical cylinders (3) 
calibrated in a tensile machine 
under compression. 

For comparative purposes a second set of cylin- 
ders from the base or prime plate was to be 
similarly tested under the hammers. 

A third set of cylinders from the weld metal was 
to be similarly tested. 

Phases IIT and IV 

When completed results of calibration are 
able, Phase II] will comprise the work of preparing 
welded samples for peening under the various con- 


basis 


standard 


3. 


Fig. Typical cylinders 
‘Temperature (time) at which peening is applied. 
All variables, (a), (b) and (¢) to be explored under 
two peening conditions, viz: avail- 
Peening all but first and last or the both out- 
side layers of 
Peening only the outside layers of weld de- 


weld deposits. i 
ditions considered appropriate as determined from a 


study of the calibration test results. Following these 
operations, Phase IV will include the cutting, prepara- 


2. 


posits. 


tion and the testing of the samples to determine transi- 


PROCEDURE of the 


tion temperature data and probably some 


the following characteristic studies: 


the 


In order to carry out the objectives properly, 


project was planned in three major phases, (1) (a) ‘Tension tests across joint 
development of equipment and _ in- 
strumentation, (2) the calibration 
and (3) the making and testing of 
These three phases are out- 


lined as follows: 
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Fig.6 Summary of data—averages of observed calibration values 
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(6) ‘Tension tests of all-weld metal However, the purpose of the present paper is to des- 
(ec) Guided bends cribe the work carried out under Phases I and II and, 
(d) Tukon hardness surveys in presenting the data derived from the calibration 
(e) Macro and micro studies work of Phase II, indicate the factors which appear to 
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contradict some previous findings and certainly to differ 
from certain preconceived ideas regarding the char- 
acteristics of pneumatic tool performance. The results 
thus far obtained seem to indicate that the careful 
approach to the establishment of fundamental factors 
as recommended by the Peening Committee is fully 
justified and what is more important that the applica- 
tion of peening to the welded joints should be fully 
explored perhaps even beyond the scope which has been 
blueprinted. 


WELDING-PEENING EQUIPMENT 


The development of mechanical equipment and of 
automatic controls was of necessity one over-all prob- 
lem and was carried out as such. It included the con- 
struction of a special soundproofed room, thermally 
insulated, within the laboratory. This double-walled 
room, completely air conditioned, is sufficiently large 
to contain the operating machine with all necessary 
operating and control adjustment switch gear and valves 
} while the compressor, control panel boxes, welding 
} machine and similar equipment were located conven- 
iently outside the special room. 

In order to provide generous inertia, the welding- 
peening machine, intended to perform all welding and 
peening automatically, was constructed of relatively 
heavy members, as illustrated in Fig. 1. As completed, 
therefore, its total weight is approximately between 
2'/; and 3 tons, the moving stage alone being 3000 Ibs. 
This machine consists essentially of two heavy 8-in. 
wide flanged I-beams, 15 ft. long, on each of which is 


mounted and secured a miniature steel rail, accurately 
aligned and on which the heavy cast-iron stage rides 
very much as a planer. 

This stage, slotted for securing the work samples, 
rides on six solid-steel roller wheels machined to fit the 
rail heads and its travel is actuated by a lead screw 
driven at the desired speed by means of a ratiomotor 
and screw-cutting gear box. With such change gears 
and drive mechanism, shown in Fig. 2, the speed of 
travel can be adjusted accurately to values within a 
range of from about '/2 to 24 in. per minute with not 
more than one sprocket change. The range of travel 
on the lead screw is about 11 ft. and since the stage is 
5 ft. long the rails are fitted with mechanical stops in 
addition to limit switches. 

By mounting the main 8-in. beams on top of three 
cross members of the same section, which in turn were 
each mounted on two spring-box vibration dampeners 
there is practically no vibration transmitted to the 
concrete floor. The most important result, however, 
is that the entire machine comprises a heavy mass with 
ample solidity as a foundation and yet one having no 
rigid attachments to anything outside of itself, even to 
the floor—it really floats on dampeners. 

Uprights are attached to the machine by way of 
independent cross members hung to the main beams 
between those carrying the load to the floor mountings. 
As shown in Fig. 1, the cantilever support carries the 
adjustable bracket for the automatic welding head while 
the symmetrical pair of uprights act as guides to the 
floating cross box beam in the center of which the air 
hammer holding jig floats as a piston ina cylinder. The 


COPPER CYLINDERS 0.425 “aes 
S seconds PACH DRESSURE & LOADING 
BATH 210°F WITH 


150 * RIDING LOADS 
RIDING LOAD + 
RIDING Load 4 

BIDING LOAD + 


COMPRESSION - INCHES 


Ex TRAPOLATED 
ABSOLUTE OF 


TOTAL 


AiR PRESSURE - PS! 


Fig. 11 Light hammer calibration 


Wilson—Peening 


70 60 90 
AIR PRESSURE - Ds! 


Fig. 12 Light hammer calibration 


WELDING RESEARCH 


4 
a 
| 
ad 
| 
| 
i 
| | 
| 00° a) Dine AD | 
a 4 = 
- / | 
jj | / J ¥ | 
/ 
| Wy | | 
Y ail 
Y/ 
“Se : 
| | Jo 100} ? 
.EMENT 


uprights are located 5 ft. apart and are each 5 ft. from 
the ends of the machine. 

Each of the three air hammers is fitted with its own 
special clamp type yoke for attachment to the holding 
jig in such a manner as to permit the normal positions 
of the tool points to impinge at a common level when at 
rest. Two auxiliary slide rods are fitted on opposite 
sides of the holding jig’s main stem acting as slide keys 
to keep the jig and hence the hammers from turning. 
Similarly each hammer is provided with a retainer for 
the tool and the tool blanks are specially socketed in 
square, hexagonal, etc., shapes to prevent turning 

The three air hammers with tool blanks and acces- 
sories, together with the electrically driven air com- 
pressor, storage tank and control equipment, have been 
furnished for use on the project through the generous 
cooperation of the Chicago Pneumatic Tool Co., and 
their assistance in this respect has been most valuable 

The compressor has a 10-hp. motor drive and just 
enough over capacity and air storage to keep the heavy 
hammer operating continuously. In order to minimize 
the noise in the laboratory the compressor equipment 
is located in the machinery room of the building and the 
air supply line is carried to a manifold in the project 
room. Included within this room at the manifold 
are the reducing valve, control valves, filters and gages 
together with the solenoid control valve used for actual 
operation, the hand throttle on each hammer being 
clamped in the fully open position. 


LIGHT HAMMER ENERGY COMPARISON 


THEORETICAL 


VALUES 


| 
| 
z 
2 7000| T | 
co V/ | 
| 
w 
oa 500 1 

40x 
|< 

| 00 + 

if 

| < 

| 
AiR PRESSURE PS 
| 
60 70 90 =a 


Fig. 13 Light hammer energy comparison 
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Operation is controlled through the solenoid valve 
by way of an electrical timing switch so that the actual 
operation of the hammer may be timed accurately in 
seconds and with the feature of 
In order to mini- 
mize “over-riding” or coasting after the main solenoid 


most important 


absolute reproducibility on timing 


stop valve closes, the rubber hose pendant to the ham- 
mer handle is as short as possible, the solenoid valve 
being mounted on the flange of the cross box beam near 
the hammer for this reason. 


HAMIMER STROKE FREQUENCY 
CALIBRATION 


In order to determine the number of blows per minute 
for each of the three hammers, experiments were made 
with several different forms of pickups for registration 
on the oscilloscope. Interferences, in the form of out- 
side pickups, were so troublesome with all of the induc- 
tion coil arrangements that these were abandoned in 
favor of the electric-resistance-wire strain gages on the 


tool By using two of these strain gages axially on 


gas 
opposite sides of the tool blank, clear well-defined blips 
could readily be seen on the oscilloscope screen. The 
dynamical type, high-resistance gages also permitted 
the application ol impulses direc tly to the os illoscope 
and simplified the hookup 
While the preliminary experimental phase of this 
particular calibration was very troublesome there were 
no problems with the strain gages in this application 
more unusual than the all too frequent fractures in the 
pigtail connections. However, there still remains a 
question, of not too great significance, with respect to 


just what the number indicated by the blip frequency 
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on the scope screen really means. Naturally this was 
assumed to be the number of blows per minute, but 
because of the tremendous differences between the 
corresponding theoretical values of energy and those 
actually measured by calibration it seems more reason- 
able for the present to refer to these as the number of 
strokes per minute pending further review of these and 
the theoretical analysis. Since they must be multiples 
of blows per minute, whatever they are called, these 
numbers are listed in the tabular form of summary, 
Fig. 6, as numbers and are used in subsequent caleula- 
tions as stroke frequency. However, as these values 
enter into calculations only for the theoretical energy 
output of the hammers their amount is of minor signifi- 
cance and effects only the relative efficiency of the 
hammer and the accessories used for applying the im- 
pact load. 

Even a cursory review of the data shown in Fig. 6 
will suffice to show that both air pressure and riding 
load have a considerable effect upon stroke frequency 
for all hammers and that this variation increases with 
hammer size. Considerations of this characteristic will 
be discussed subsequently, however, and for the present 
it should be noted that, contrary to assumptions pre- 
viously held, the stroke frequency is definitely not 
constant and may be considerably Jess than commercial! 
ratings when measured under actual working conditions 
carefully controlled. 

In calibrating the hammers for stroke frequency, a 
substantial, heavy plate, box-girder type of anvil was 
fitted across and locked to the rails directly under the 
air hammers. 
similar purpose in calibrating the hammers for energy 


The same anvil support also served a 


output except that a tank for the oil bath was added 
as shown in Fig. 3. This oil bath tank was equipped 
with heating elements and circulating mechanism 
together with a cylindrical holding jig and plug piston 
type rams for holding the copper cylinders as illustrated 
by Fig.4. The use of this latter equipment is described 
in the following discussion. 


STATICAL ENERGY CALIBRATION 
WITH COPPER CYLINDERS 


Using copper cylinders as “compression plugs’ in 
ordinary static press calibration applications is not 
unusual but similar applications in the dynamical 
field have been somewhat limited to balistical studies 
or work of a similar nature where rather high-strain 
rates are involved. Since the purpose for the statical 
energy data in this project was to arrive at a proper 
base line on dynamical energy, existing data on such a 
relationship between statical and dynamical values 
was of paramount importance. Accordingly the infor- 
mation and references made available through physi- 
cists in both Navy and Army experimental work of this 
nature was of considerable value in the preliminary 
studies for this phase of the calibration work. While 
the work was not necessarily shortened thereby, it 
helped considerably to have comparable results not 
merely as check data but for the important relationship 
between “one-shot” impacts as compared with repeated 
cycles of much smaller impact loads of uniform value. 

There were also minor problems in the initial stages 
of the statical calibration in the testing machine where 
much trouble resulted from the dimensional propor- 
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tions of the copper cylinders. Careful checking con- 
firmed the fact that the quality and grade of copper, 
the annealing, quenching, pickling and temperature 
control during compression, were satisfactory but the 
results were not. The characteristic curves derived 
from stress-strain data seemed appropriate and com- 
parable with previous findings but the ‘‘Tower of Pisa”’ 
look of the cylinders after compression indicated a 
Fin- 
ally, by changing the length of the cylinders to about 
(1.00 to 0.425 in.), 
conforming more closely to proportions used in other 


possible slip discrepancy on final deformation. 


half the former amount thereby 
investigations, the ultimate results were quite normal 
in both appearance and as technical data 

Copper cylinders were machined from pure elec- 
trolytic copper (CCC grade) to a final length of 0.425 
+ 0.0005 in. and to a diameter of 0.50 + 0.0005 in 
All of the copper bar stock was furnished by the 
American Brass Co. through the courtesy of John R 
Freeman, Jr., Technical Manager, and it is of stock 
commercially known as hard-drawn electrolytic tough 
pitch copper rod. To insure proper bearing surfaces 
the ends of the cylinders were ground parallel in a 
special jig to the final dimensions. All copper cylinders 
were annealed in an electrically heated furnace at a 
temperature of 1150° F. The temperature was main- 
tained for 1 hr. and the cylinders were then quenched 
in water at 100° F. and finally pickled 

An oil bath was provided during testing to hold the 
temperature of the copper to a minimum of 200° F 
in order to avoid as much work hardening as possible. 
A light gage mild-steel 
heavy bottom plate was used for the oil bath 


having a 
This 
was fitted with a hardened steel block in the bottom 


square container 
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center and the block contained a ground, slightly over- 
size, center depression to keep the copper cylinders 
from slipping out of an approximately central position, 
The same oil bath container, as previously mentioned 
and as shown in Fig. 3, was also used for the dynamical 
It will be 
this container is also fitted with an electrical thermostat 


calibration under the hammers seen that 
control in the heater circuit and an agitator 

After the load-deformation data, shown in Fig. 7, 
were carefully checked several times with different 
cylinders, with practically identical results, the statical 
calibration was considered satisfactory and, through 
comparison with comparable independent data, it was 
felt that the procedure must also be correct up to this 
point. The equipment was therefore set up under the 
hammer station in a similar manner for the dynamical 


ork 


DYNAMICAL ENERGY CALIBRATION 
WITH COPPER CYLINDERS 


The same procedure was then followed with copper 
cylinders under the hammers except that it became 
necessary under dynamical conditions to prevent the 
displacement of the cylinders which otherwise became 
distorted and useless. The tool of an air hammer is 
perhaps the most difficult thing to control in precision 
work and it was considered impossible to confine the 
tool as by guides because of the uncertain friction 
within the oil bath 


thereby introduced. Accordingly 


a cylindrical holding jig, illustrated in Fig. 4, was 


developed with several different weights of piston-like 
rams. This latter feature was introduced in an effort 
to detect any effect from the ram mass between the tool 
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and the copper. The cylindrical shell was relieved by 
holes drilled in the sides at the bottom to allow for free 
flowing of the oil. By means of this holding arrange- 
ment it was possible to compress the cylinders (copper) 
quite readily without any appreciable (measureable) 
distortion or marking by impact of the cylinder ends 
so that it was comparatively easy to make accurate 
micrometer measurements. An enlarged photograph, 
Fig. 5, illustrates the two typical extremes of resulting 
shapes. A brief discussion of these contrasting results, 
which are of no serious significance, is included in 
reference 3 of the bibliography. 

All parts of the cylindrical holding jig were hardened 
after machining and ground for accuracy. The hard- 
ness values aimed for were the same as those found for 
the blanks. 
copper indicate that practically all work hardening 
occurs at the first pressure or stroke, is nearly all surface 
effect and is comparable in both statical and dynamical 
conditions. However, the most important check on 
the results obtained is that furnished by comparison 
with other data from the most reliable sources. 

Outstanding among available data seems to be that 
by E. T. Habib, Physicist, David Taylor Model Basin, 
Navy Dept., Washington, D. C.,° and the one major 
difference between that work and the peening project 


tool Check hardness readings for the 


is that the impact in the former is furnished by one 
single blow while in the peening it is by a large number 
Since the data check very well 
indeed it appears reasonable to conclude that within the 


of repeated blows. 


range of values explored there is no appreciable differ- 
ence in total energy effect as between comparable ener- 
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gies delivered by single blows and by uniform repeated 
blows. 

The relationship between statical and dynamical 
energy values, as shown in Fig. a corresponds to that 
derived from Habib’s work at the appropriate strain 
rate which in the case of the air hammers averages not 
more than the lowest values used in the ballistic studies. 
In an over-all sense this ratio of dynamical to statical 
energy averages about 1.175 and appears to be fairly 
constant within the range of values pertinent to the 
peening study. 


RESUME OF DATA 


Hammers—Chicago Pneumatic Tool Co. 

(a) Yoke, same for all hammers, 21 lb. 2 oz. weight 

(b) No. 1, heavy, mfrs. designation, No. 60 large hammer 

Weights: 

No. Lhammer (including piston) 26 Ib. oz 
Holder clamp 12 Ib. 6'/: 02 
Tool blank 6 Ib. 2'/, 02 
Piston (274.2 gm.) 0.604 Ib 

Dimensions of piston and stroke: 

2.5075 in 

1.061 in. 

6.00 in. 

1340 at 90 psi 


Piston length 
Piston diameter 
Piston stroke 
Manufacturer's BPM* 
No. 2, medium, mfrs. designation, CP 411 
Weights: 
Ib 0 
15 lb. 12 oz 


1 Ib. 13 oz 
0.985 Ib. 


No. 2 hammer (including piston) 
Holder clamp 
Tool blank 


Piston (stepped—446.9 gm.) 


* Blows per minute. 
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Dimensions of piston and stroke: Light hammer No. 3 


Piston length 5.625 in \ plotted on riding load, Fig. 8 

Piston diameter 1.124 and0.810in \ plotted on air pressure, Fig. 9 

Piston stroke 1.25 in 2. Medium hammer No. 2 
Manufacturer’s BPM 3150 at 90 psi N plotted on riding load, Fig. 14 


No. 3, light, mfrs. designation, No. 1 chipping hammer 7 — 


HEAVY HAMMER CALIBRATION 
Weights: S06 
No. 3 hammer (including piston) 13 Ib. 14'/2 02 
Holding clamp 19 lb. 10 oz 
Tool blank 2 Ib. 3 oz | 
Piston (226.4 gm.) 0.496 Ib . | 


Dimensions of piston and stroke 


- 65 
Piston length 1.979 in + 4 . 
Piston diameter 1.123 in. 100° RIDING LOAT 
Piston stroke 2.250 in | 
Manufacturer’s BPM 3050 at 90 psi 


1. Oil Bath Cylindrical Holder and Rams, see Fig. 4 Ay 5 


Ill. Theoretical Energy Analysis.‘ 


| 


Wp (S" < BPM\? / 
E per stroke : ( ; ) x 12 in in.-lb. / 


Wp BPM\* BPM 
E per 15 see ; ( ) x 12 x in in.-lb o” ait 
| 29 4 
BPM: 
for No. 1 heavy hammer — in.-lb 
33,750 
BPM? 
for No. 2 medium hammer in.-lb 


175,000 


BPM 
for No. 3 light hammer in.-lb 
293,000 


IV 


Stroke Frequency of Hammers, see columns indicated as 


“No.” in the tabular Summary of Data, Fig. 6 


(a) The values of stroke frequency (.V) are plotted anc 


cross-faired as follows 
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N plotted on air pressure, Fig. 15. 
3. Heavy hammer No. 1, not yet available but may 
be added as supplementary data. 
V. Compression Values for Copper Cylinders (15 see.), see 
columns indicated as “comp."’ total compression in 
inches in the tabular Summary of Data, Fig. 6. 
(a) The values of total compression are similarly plotted 
and cross-faired as follows: 
1. Light hammer No. 3. 
Total compression on riding load, Fig. 10. 
Total compression on air pressure, Fig. 11. 
2. Medium hammer No, 2. 
Total compression on riding load, Fig. 16. 
Total compression on air pressure, Fig. 17. 
3. Heavy hammer No. 1. 
Total compression on riding load, Fig. 20. 
Total compression on air pressure, Fig. 21. 
Total Energies from 15 See. Hammer Operation. 
(a) Converted from dynamical energy curve shown in 
fundamental data, Fig. 7 
(b) The values of total energy are plotted for each hammer 
as follows: 
1. Light hammer No. 3, Fig. 12. 
2. Medium hammer No, 2, Fig. 18. 
3. Heavy hammer No. 1, Fig. 22. 
VIL. Complete Energy Comparison for ell three hammers und or 
all conditions of loading and air pressures are shown in 
Fig. 23. 


SUMMARY OF FINDINGS 


As previously intimated the data for the several 
hammers used in this project demonstrate the fact 
that “riding load” has a marked effect upon the hammer 
performance characteristics. In certain conditions 
“riding load” has an effect comparable withthat resulting 
from varying air pressure. Generally, however, air 
pressure is the major factor in hammer performance 
and the accurate control of air pressure is an important 
essential for all such studies. 

The relationship between the masses of hammer, 
piston and riding load is significant as afaetor. For the 
present it is assumed that apparent reversals of effect 
between hammers may therefore be found related 
through characteristics dependent upon synchronous 
or natural frequencies of the hammer systems, i.e., 
masses of hammer, piston and riding load. The mass 
of the ram in the evlindrical holding jig seems not to be 
significant 

From observation the body of the hammer seems to 
work as well as the piston the impact being received at 
the shoulder on the tool blank 


contradict this observation, however, and it should be 


All previous statements 


observed that theoretical energies are far in excess of 
actual values. However infinitesimal such blows from 
the hammer body may be, it is this possibility that 


leads to the assumption that stroke frequency is a 


multiple of the oscilloscope screen indications rather 
than a direct reading. The point is of minor signifi- 
‘ance, however, because of the fact that hammer pre- 
formance efficiency is not being studied since it does not 
yet seem to be a factor. 

The primary purpose of this phase of the project was 
to verify the effects of riding load and air pressure as 
applied to the several hammers of known characteristics, 
and finally to establish by calibration an appropriate 
energy baseline for the hammers and thus have fairly 
accurate pilot conditions for peening the welded joint. 
For the present therefore, it appears that such values 
have been established rather clearly and the choice 
might appropriately be those suggested by the circled 
points on the 90 psi. ordinate and the corresponding 
curves of the Complete Energy Comparison shown in 
Fig. 23. In other words, if all three hammers are used 
at 90 psi. and with 0 riding load (no weight added) 
the respective total energies for 15 secs. of operation 
would be: 

1950 
3100 
1300 


Light hammer, in.-lbs 
Medium hammer, in.-lbs. . 
Heavy hammer, in.-lbs. 


A further check value for the fourth set would be with 
the heavy hammer at 90 psi. and 100 lbs. riding load 
with a 15 secs. energy total of 6567 in.-lbs. 
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Direct Explosion of Welded Joints 


® A new technique for determining triaxial sensitivity of steel 
plates and weldments is described. Some combinations of elec- 
trodes and low-alloy steels give better results than others 


by G. S. Mikhalapov 


INTRODUCTION 


NVESTIGATIONS of the causes of failure of welded- 

steel merchant vessels constructed during the last 

war revealed the importance of a property of ma- 

terials which, though known for many vears, had 
not been hitherto fully appreciated in structural design 
This property, known by a somewhat ambiguous term 
of “notch sensitivity,” denotes the ability of material 
to absorb energy and carry loads in the presence of 
notches and other geometries producing steep stress 
gradients. The mechanisms of failure of structures 
made of notch-sensitive materials is not well understood 
However, in practice such structures appear to be 
unable to undergo plastic flow at points of high-stress 
concentration and tend to fracture at such points when- 
ever the local stress exceeds the vield strength of mate- 
rial. Furthermore, such local brittle fracture will pro- 
gress (usually at a very high rate of travel) until the 
physical continuity of the notch-sensitive material is 
interrupted or until the fracture reaches an «area of 
zero or Compressive stress. Thus it is possible for a 
structure made of notch-sensitive material to fail at a 
low average working stress, provided it contains notches 
or other points ol high-stress concentration 

Since notch-sensitive materials may possess excellent 
ductility and energy absorption properties when stressed 
uniformly, as for instance in a standard 0.505 tensile- 
fest specimen, a plausible explanation of notch sensi 
tivity is that it is caused by inability of the material 
to undergo plastic strain in a triaxial stress field 

At present most of our knowledge of the strength of 
materials is based on their performance under uniaxial 
loading. However, such limited knowledge as we pos- 
sess of structural performance of certain mater ils under 
biaxial loading fails to show any startling difference in 
the behavior of materials under biaxial and uniaxial 
stresses Accordingly, the theory that the triaxial and 
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uniaxial ductility differ greatly for some materials but 
not for others is by no means generally accepted. 
Nevertheless, considerable indirect evidence exists to 
support the hypothesis that notch-sensitive materials 
are materials which lose their ability to flow plastically 
in the presence of a relatively small third-dimensional 
tension Thus whereas both notch-sensitive and notech- 
tough materials may have equally good plastie ductility 
under a 1:1:0 ratio stress system, and both obviously 
will have zero plastic ductility under a 1:1:1 system, 
the ductility of the notch-sensitive material will decrease 
at a much faster rate than that of the noteh-tough 
material as the stress svstem ratio changes from 1:1:0 

It is well known that the uniaxial ductility of certain 
materials, for instance, steel decreases with temperature. 
The decrease, however, is gradual. Notch sensitivity 
on the other hand, manifests itself quite abruptly uta 
specific temperature which varies quite widely for 
different steels Practically all ferrous materials are 
tough at elevated temperatures, and a few remain 
tough at the temperature of liquid air. However, the 
majoritv change from notch tough to notch sensitive 
at some intermedi ite temperature 

Since all structures. are designed, theoretically at 
least, well within the vield strength of material used 
the properties of the material beyond the yield strength 
are generally considered by the designer to be of impor- 
tance only at times of excessively high overloads when 
high plastic ductility provides an additional factor of 
safety Unfortunately, strong indications exist that in 
most struetures imperfection of design or workmanship 
or both produces points of high-stress concentration 
where plastie strain must take place before full working 
stress can he developed in the structure as a whole 
Once this premise is ace epte d notch sensitivity o1 poor 
triaxial ductility becomes of paramount importance in 
structural design 

Notch sensitivity ol homogeneous materials is usually 
measured and expressed in terms of a Charpy or an Izod 
impact test Useful as these tests are they both have 
a number of shortcomings. Primarily they are labora- 
tory tests and require exact and careful preparation of 


specimens or very high scatter will result. They meas- 
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ure notch sensitivity of a very small volume of material, 
that is of the material at the root or base of the notch. 
If the material is at all nonuniform the test must be 
repeated with the notch located in several planes and 
in several portions of the plate or shape tested. Above 
all, neither one produces a sufficiently severe stress 
condition, and as a result practically all present struc- 
tural metals, especially steels, will give relatively high 
energy absorption values and an apparently di ctile 
fracture when subjected to either Charpy or Izod tests 
at room temperatures. In other words, the test is not 
discriminatory enough at room temperature to separate 
the tough and brittle steels. Accordingly, the test is 
usually conducted on a series of identical specimens at 
progressively lower and lower temperatures until the 
energy abgorption drops sharply and the fracture as- 
sumes the typical cleavage pattern usually associated 
with brittle behavior. The temperature at which this 
occurs is known as the transition temperature of the 
material and serves as a criterion of its toughness. 
Unfortunately, most common structural steels have 
sufficiently low transition temperatures to lead the 
designers to consider all steels as notch tough for most 
services. 

Experimental research following the failures of welded 
merchant ships has definitely established that the transi- 
tion temperature or the temperature at which a steel 
becomes notch sensitive is a function of a number of 
factors.' These factors, e.g., sharpness of the notch, 
thickness of the plate, size and geometry of the parts 
forming the notch or adjacent to the notch, all have one 
thing in common, they all tend to inhibit the flow of 
the metal in the plane normal to the lines of major 
stress in the specimen. Or, if the theory of low triaxial 
ductility is accepted, they all tend to increase the tension 
normal to the major stress. Accordingly, it is entirely 
possible for some steels to be notch sensitive at rela- 
tively high temperatures. Thus it was found that the 
stress system in the corner of the hatch opening in the 
» deck of an early version of the Liberty ship was suffi- 
ciently severe to produce brittle failures in most types 
of steel at room temperature. 

The realization of the importance of the notch sensi- 
tivity of steels has caused many attempts to develop an 
improved method of testing for notch sensitivity. 
Several new tests, such as Kahn’s Tear Test, have been 
developed and some of them overcome to a considera- 
ble extent the disadvantages of the Charpy or Izod 
impact test. All of these tests, however, rely on a 
mechanical notch to produce a system of stresses neces- 
sary to measure notch sensitivity, and all of them, 
therefore, suffer the common shortcoming of measuring 
notch sensitivity of a very small volume of the material 
being tested, and are thus unsatisfactory for nonhomo- 
geneous materials. 

The inadequacy of all tests relying on mechanical 
notches is particularly manifest in the case of structural 
Although at- 
tempts have been made to test over-all performance of 
welded joints by cutting different notches in various 


joints, either mechanical or welded. 
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Explosion Tests 


portions of the joint, such tests suffer by their inability 
to compare directly with tests made on prime plate and 
by the uncertainty that the stress system produced by 
the notch is imposed on the weakest, and therefore the 
critical, portion of the weld. 

It has been known for a long time that good correla- 
tion exists between notch sensitivity, as revealed by the 
Charpy or Izod test, and ballistic shock resistance of 
materials, only the materials with low transition tem- 


peratures being able to withstand the shock pro luced by 


a glancing blow of a ballistic projectile without shatter- 
ing into many pieces in a brittle manner. If the theory 


of low triaxial ductility is accepted as the 
of notch sensitivity, the reason for this correlation is 


explanation 


readily revealed by an analysis of a stress system pro- 
duced by ballistic impact. Any blow applied against 
a plate and normal to its surface in a mann » produce 
bending in the plate and at a velocity sufficiently high 
to produce a stress shock wave under the a: f impact 
will produce a state of triaxial stress. An ‘t quanti- 
tative analysis of the stress system is quite difficult and 
involved but its major features are reasonably clear 
and certain. Assuming that the plate is 


uniform distance from the center of impact, the princi- 


supported at a 


pal stresses will consist of biaxial tension of 1:1 ratio 
in the plane of the surface of the plate and alternate 
compression and tension in the plane of the thickness of 
the plate as the shock wave travels from the impacted 
side to the opposite side and is reflected back. The 
magnitude of the former will be the function of the total 
energy of the blow, while the magnitude of the stress 
in the plane of the thickness will be a function of the 
velocity of the impact.” 

A very good proof of the existence of the tensile stress 
in the plane of the thickness and its dependence on the 
velocity of impact is given by the phenomenon of 
“spalling.”” While a low velocity impact merely pro- 
duces a local depression or a bulge in the plate, a bigh 
velocity impact will knock out a spall or a plug roughly 
equal in volume to the area of impact times half the 
thickness of the plate, from the back of the plate. By 
properly adjusting the energy and velocity of the blow 
it is possible to produce an incipient spall or a fracture 
through the center of the plate, parallel to its surface, 
extending approximately over the area of impact which 
demonstrates existence of tensile stress in the plane of 
thickness. 

Direct bombardment of test specimens by projectiles 
has many inherent difficulties. However, most of these 
can be avoided by substituting for the impact of a pro- 
jectile the impact of a detonating wave traveling through 
a column of explosive applied directly to the point or 
area to be tested. This procedure, originally developed 
for testing ballistie shock resistance of military ord- 
nance, can be readily applied to almost any structural 
shape. 

It is true that a test of this nature, in addition to pro- 
ducing a system of triaxial tension, has several other 
features the desirability of which is, at best, doubtful. 
The most important of these is the rapid rate of loading 
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and hence of stress rise necessary, since the tension stress 
in the plane of the thickness of the plate, produced by 
the reflection of the elastic shock wave from the back ot 
the plate, is a direct function of the velocity of impact 
and is virtually zero at normal rates of loading Ex- 
perimental data indicate that velocity of at least 500 
meters per second is necessary to produ e a force of any 
appreciable magnitude, and for most effective testing 
velocities between 1500 and 5000 meters per second are 
used. A question immediately arises as to whether 
these high rates of stress and strain rise may not cause 
the material tested to behave in a different manner 
than under a relatively static stress system encoun- 
tered under most service conditions. 

Our present knowledge of behavior of metals under 
high speed loading is rather limited. However, such 
information as is available indicates that high rates of 
stress rise tend to decrease uniaxial ductility of eylin- 
drical specimens of uniform cross section and small diam- 
eter (‘/. in. and under) in approximately the same 
manner as does low temperature. The decrease, how- 
ever, is not of high order of magnitude and no change 
from shear to cleavage mode of fracture has been ob- 
served on any metal specimen tested. Furthermore 
data obtained with the direct explosion or triaxial stress 
test indicates that high rate of strain, unless combined 
with triaxial stress, produces little difference in. the 
performance of steel plate from the conventional behav- 
ior under standard tensile tests. It is therefore highly 
probable that the effect of the high rate of strain present 
in this test is negligible 

As opposed to the presence ot these less desirable as- 
pects, the fact remains that the direct explosion 
method of testing is probably the only practical means 
available at present of obtaining reasonably uniform 
triaxial loading of a comparatively large volume of 
material, e.g., in cases of l-in. thick plate, roughly 12 
cu. in 


GENERAL 


Since notch sensitivity of steel and welded steel joints 
appears to be an important factor in service performance 
of fabricated structures of practically every type and 
description, including ships and other marine vessels, it 
was considered desirable to develop a reliable test to 
determine notch sensitivity of steel and of welded steel 
joints at different temperatures. The direct explosion 
method of testing would prov ide such a test if correlation 
between it and actual service performance could be 
established 

It is obv iously not practical to attempt to determine 
service periormance of various steels and steel joints by 
destructive testing of actual structures such as ships 
as both the cost and the time of such an undertaking 
would be prohibitive 

Fortunately, considerable data exists on performances 
of a section of a Liberty vessel deck forming a corner 
of a hatch opening, when tested in tension to destruction 


under a number of conditions.** These data reveal 
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considerable difference in performance depending om 
types of steel, method of fabrication and temperature of 
test. If the same order and degree of difference could 
be established for similar conditions under the direct 
explosion test, a reasonably close ¢ orrelation with serv- 
ice performance could be expected from this test, and 
it could be used as a criterion for evaluating materials 
and fabrication processes 

Accordingly a comprehensive program of tests, dupli- 
cating as nearly as possible the conditions investigated 
at the University of California, by means of the hatch 
corner type specimen was formulated and carried out 


under the sponsorship of the Bureau of Ships of the 


Department of the Navy As soon as good correlation 
between the two tests became apparent the program Was 
expanded to include a number ot steels and welding 
procedures ol general interest to the Navy De partment 
in an attempt to establish a reasonably broad picture of 
their relative performance. A total of 14 different 
steels in prime or unwelded conditions was investigated 
Of these steels 10 were also tested as welded with four 
different classes of electrodes for a total of seventeen 
steel-electrode combinations 

The steels were tested in the form of I-in thick plate 
and fell roughly into four groups on the basis of conven- 
tional mechanical properties as follows: 

(a) Low-carbon, low-manganese steels, generally 
known as “mild” steel, widely used in as-rolled condition 
lor ship building and gemve ral struc tural purposes A 
rimmed or semikilled steel of approximately 35,000 psi 
vield and 60,000 psi. ultimate strength, capabie of being 
produced in large tonnages. Steels Ye, L; and 
belong to this group 

h Low-carbon, medium-manganese steels with or 
without additions of vanadium and titanium generally 
known in Naval construction as high-tensile hull plate, 
used in either as-rolled or normalized condition. A fully 
killed steel with approximately 50,000 psi. yield and 
90,000 psi. ultimate strength. Steels Y,, K, and Ky 
belong to this group » 

c) Low-carbon, low-alloy steels with carbon content 
below 0.20 and sufficient alloy additions to give 75,000 
85,000 psi. yield strength in either normalized and tem- 
pered or quenched and tempered state. An experimen- 
tal steel of interest to the Navy Department Steels 
F.G. E. B, I, X, A. R, and R, belong to this group 

d) Medium-carbon, low-alloy steel with 0.25-0.35% 
carbon content and sufficient alloy addition to have at 
least 100,000 psi. vield strength when quenched and 
tempered. Generally known as Navy's STS grade and 
used for both structural and ballistic protection pur- 
poses. Steel H belongs to this group 

The chemical compositions and mechanical properties 
of the steel are given in detail in Tables 1 and 2, 
respectively 

The welded specimens were prepared by butt-welding 
together two 9- x 18- x l-in. plates to form an 18-1n 
square specimen. A 60° double V joint with zero root 
face and -In. root opening Was us¢ d The root of the 


first pass was chipped out to sound metal and the 


ne 
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; 

q 
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| 
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Table 1—Chemical Properties of Steels Tested 


Symbol Heat treatment Mn P Ss Ni Cr 

F Q and D ) 7 0.014 021 2.32 1.13 
N and D q j 0 012 O17 5 2.24 0.03 0.08 
Q and D 0.017 038 0.53 0.02 0.08 
Q and D 76 0 022 025 7 0 61 ) 
N ( j 5 0.013 028 25 1 68 0.04 y 0.11 
Q and D . 0.020 030 1.69 
Q and D i- 0.021 031 1 54 
Q and D 0.014 023 0.17 0 046 
Q and D 5 2: 27 3.15 1.33 
As-rolled 35 0.020 030 
As-rolled 20 0.050 035 
Norm. 23 032 : 0.02 0.02 0.00 
Norm. 0.13§ 0.021 033 0.19 0.10 0.08 


*0.01 Sn. ¢0.08 Zr. $0.006 Ti. § 0.005 Ti. 


Table 2—Mechanical Properties of Steels Tested 


Average 
Ft.-lb. 
Steel Ingot No. Type Direction Yield strength, Tensile Elongation, Charpy keyhole, 
code letter and place specimen and position __ psi., 0.2% set strength psi. -40°F 
F 3M 505 iv. 82,700 100,200 
79,500 100,200 
G iT 505 Tr. 66,300 95,100 
64,000 96,000 
1B 505 Tr. 78,500 95,100 
76,800 96,100 
505 76,800 98,300 
76,600 98,600 
$4,200 102,000 
79,900 97,800 
100,500 126,000 
48,000 90,000 
$2,000 60,000 
50,000 90,000 
$2,000 60,000 


64.1 


10.0 


* Notch normal to rolled surface. 


finished weld was radiographed. All welded joints low-hydrogen type requiring no preheat and it was felt 
tested and reported herein were radiographically sound. desirable to use it as a base line in studying the relative 
A few unsound welds were tested in an attempt to deter- weldability of the experimental high-yield-strength 
mine the effect of radiographic unsoundness steels as compared with other structural steels, and to 
Four classes of electrodes were used: A.W.S. types provide a means of comparing structural performance 
6010, 7016, LOOLS and 12015. Class 10015 electrode of one electrode when used on different types of steel. 
Was in most cases of the manganese-molybdenum type. Since it deposits low-strength low-carbon weld metal, 
However, to check the effect of the difference in elec- it Was not expected to produce a tough joint on the high- 
trode composition within the same A.W.S. class, a nickel- strength low-alloy steels, and its use in fabrication of 
molybdenum type of LOOLS class was also used in one the high-yield-strength steels was not contemplated. 


instance, The 12015 class electrode was of the nickel- Table 3 shows the combinations of steel and electrode 
molybdenum-vanadium type. investigated. 

The 6010 and 7016 electrodes were used without 
preheat while 250° preheat was used with class 10015 


and 12015 electrodes, except when welding low-carbon 
medium-manganese Steel K, which was welded with Table 3—Steel-Electrode Combinations Tested 
100° F. interpass temperature. 

Type A.W.S. 10015 electrode was selected primarily 


Welding electrode Steels 


A.W.S. 6010 Mild steel (Y 

A.W.S. 7016 Mild, high-tensile and  high-yield- 

since the mechanical properties of the weld metal de- strength steels (Y., K,, XA, I, B, 

yosited by this electrode are, in as-welded state, approxi- : KE, F) 

I A.W.S. 10015 Mn-Mo steels (B, E, F 

mately the same as those of the high-yield steels used A.W.S. 10015 Ni-Mo High-tensile and high-yield-strength 

and it was therefore hoped that the over-all performance : : : steels (Ki, F) 

A.W.S. 12015 Ni-Mo-Va_  High-yield-strength and armor plate 

of the joints made with this electrode would not differ (F. H) 

greatly from that of the prime plate. Submerged melt 0.50 Mo High-yield-strength steels (Rx, Ri 
wire 


Type 7016 electrode is a widely used electrode of the 
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Fig. 1 Support plate with support Fig. 2) Specimen resting on support 
bars ready to receive specimen 


bars, with explosive charge placed on 
F 
specimen 


Fig. 3 Explosive charge placed on 
specimen and surrounded by paper 
evlinder ready to receive sand 


Part of cardboard cylinder container, hous- 


METHOD OF TESTING 


The direct explosion or triaxial stress method of 
testing has been described in detail in a number of 
reports of earlier investigations Briefiv, it con 
sists of detonating an explosive charge in direct contact 
with the specimen supported along its four edges, as 
follows 

The supports consist of a concrete platform, 6 ft 
square, supporting a high-tensile steel plate, 3. ft 
square by 3 in. thick The steel plate in turn supports 
four steel bars 4 in. high bv 2 in. wide pl iced to form 


a hollow square 16 in. inside and 21 in. outside, as shown 


ing explosive, cut away to show detonator 


The minimum charge necessary to fracture the specl- 
men is established by subjecting a number of identical 
specimens to the action of progressively greater charges 
until fracture occurs Rach specimen Is subjected to 
the action of only one charge Figure 5 shows in 
graphical form the manner in which the minimum energy 
to fracture is determined. It will be seen that an 
average of four to six specimens is required for any one 
point 

In an earlier investigation it was found that test 
results differed somewhat when 12- and 18-in. sq. speci- 
mens were used, but that little difference existed be- 


tween performance of IS- and 24-in. sq. specimens, 


in Fig l The specimen is placed on the bars and over The [S-in sq. specimen as, therefore, mt lected and 
laps the hollow s yuare by | in. on all four sides, as shown used throughout this investigation. It was also found 
in Fig. 2 \ evlindrical explosive charge is prepared by that no difference in performance existed regardless of 
filling a round eardboard containe 
102 mm. I.D. with a desired weight 
ol specially formulated explosive | 
and compressing it to a desired | 
density The charge is then placed 
+ 
in the center of the specimen to 
be tested, as shown in Fig. 2, and 9c 
surrounded on ill sides with tp- 
proximately 40 Ib. of white silica 3 80 
sand held in place by means of a - 
paper evlinder 8 in. in diameter 
and 12 in. in height, as shown in 2 
Fig. 3 The charge is then ex ig 
ploded by m ns of a special deto 
nator in such a manner that the 
front of the detonating wave tra’ 2 4 
eling through the charge reaches 
the face of the specimen nearly ? 
simultaneously over the entire area 
under the charge The effect. of 
the Impact ol the wave is to first | 
bend and then stretch the plate 
equally along its two axes, the 


linear with the charge , as shown in 
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é Fig 4 Deformation of specimen plotted as function of energy applied, for 
Fig. 4 high-vield-strength Steel F, high-tensile Steel K and mild Steel 


Explosion sis 113-8 


Pe 


STEEL B-LOWALLOY Q&T 
1-1” PRIME PLATE 
| 2-1" PRIME PLATE WELDED 
WITH 7016 
© NO FRACTURE 
<9" TOTAL FRACTURE 
TOTAL FRACTURE 
@ COMPLETE FRACTURE 
(>18",2 OR MORE PIECES) 
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MINIMUM ENERGY TO FRACTURE — GMS. CHARGE 


° 40 60 160 
TEMPERATURE °F 


fig. 3 Effect of successively increasing quantities of 
energy applied to prime and welded high-vield-strength 
Steel B, at temperatures between —100° F. and + 180° F. 


whether the support bars were welded together into a 
solid frame or placed adjacent to each other to form a 
loose frame. Accordingly, the welding of the support 
bars was omitted throughout this investigation. 

The previous investigation also revealed no significant 
difference in performance of a high-tensile steel plate 
when tested with explosives of from 3250 to 4700 
meters per second detonating velocities. In general, 
the amount of deformation prior to fracture and the 
total energy to fracture decreased with the increase in 
the velocity of detonation, as was to be expected, since 
the magnitude of the third tension or the stress in 
the plane of thickness becomes higher, and its ratio 
to the two stresses in the plane of the plate becomes 
lower with the increase in the velocity of detonation 
The manner of fracture, however, was substantially 
the same for all three velocities and was brittle at 
low temperatures. This appeared to indicate that 


the lowest velocity tried produced 


lb., but as an added precaution, it was remixed (or 
rather 50-Ib. batches of it were placed in a laboratory 
mixer and mixed again) prior to use. 

The plates were brought to desired temperature by 
placing them into a cold box and keeping them at the 
desired temperature for a period of not less than 4 hr. 
The cold box used was of the type wherein the source 
of cold is provided by continuously vaporizing dry 
ice, and the temperature is regulated by intermittent 
operation of an electrical heater unit, thus permitting a 
range of temperatures from approximately —90 to 
200° F. 

The temperature of the plate was checked imme- 
diately prior to testing by bringing a thermometer into 
direct contact with the surface of the plate while it 
was in the box. In no instance was it measurably 
different from the air temperature in the box 

The time interval between the removal of the plate 
from the box and the detonation was measured and 
recorded. In no instance did it exceed 2 min 

Some welded plates were found to be slightly dis- 
torted due to welding. All such plates were tested 
with their convex side down to secure direct support of 
the welded joint at all times. 

Since it was desirable to test the welded plates with 
the weld reinforcement intact, or in the same condition 
us would be encountered in actual ser ce, the charge 
had to be raised slightly from the surface of the speci- 
men to clear the weld reinforcement. This was ac- 
complished by supporting the charge on two strips of 
lucite, 0.100 0.002 in. thick, placed parallel to and on 
each side of the weld. The space between the bottom 
face of the charge not resting on the lucite and the 
surface of the plate was filled with sand. To permit 
direct comparison between welded and prime plate 
all plates, whether welded or not, were tested in this 


manner. 


Psufficiently high third-dimensional 


Pstress to effect brittle failures un- 
der some conditions of testing and 
was, therefore, satisiactory for use 
with the steels under investigation 
On the other hand, in the light of 
previous experience,’" it) appeared 
probable that the higher detonat 
ne ve locitic s may produce too severe 
a test for steels of lower tensile 

strength or toughness, because of 

possible premature failure by spall 
ing. Since it appeared desirable to 
be able to Comlprure directly the per 


formance of all steels to be investi 


MINIMUM ENERGY TO FRACTURE — GMS 


gated, including performance of mild 
steel, the 3250 meters per second ex 
plosive WHS le cted 


The actual explosive mixed and 


used had a detonating velocity of 
$245 meters per second. It was pre 


pared and mixed in one batch of 800 
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Fig. 6 Effect of temperature on minimum energy necessary to fracture prime 
steel plate Lin. thick. Summary of all steels tested 
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In testingnotch-tough 
steel at all temperatures 
and notch - sensitive 
steels at elevated tem 
peratures, 1 Was ob 
served that consider 
able difference exists 
between energy neces 
sarv to cause the first 
crack on the back of the 
plate and ene rey neces 
sary to effect complete 
fracture Since nosuch 
difference exists in the 
case of notch-sensitve 
plates at low and room 
temperatures, the ex- 
tent of this difference is 
of considerable interest, 
and an attempt was 
made in all cases to de- 
termine the energy nec- 
essary to effect a com- 
plete fracture as well as 
the energy necessary to 
produce incipient fail- 
ure 

In cases of some ex- 
ceptionally tough steels 
it Was not always pos- 
sible to fracture the 
specimen nto two 
pieces, since the impact 
tended to punch a hole 
through the plate, and 
once this occurred any 
further increase in en 
ergy applied had little 


further effect 


DISCUSSION OF 
RESULTS 


The results of the 
test data obtained are 
summarized in Table 4 

id compared in graph 

nin Figs. 6-10. 
irance ol typ 
mens alter test 

nin Figs.11-22. 

tudy of the test 
ealed that, with 

one 
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a 3 mens tested. Ina few 
equal 


would not fracture an identical specimen tested under 
identical conditions. In all such cases, however, a 2 to 
3°) difference in the weight of the charge was sufficient 
to differentiate between the performance of identical 
specimens. This lack of scatter indice: tes, first of all, 
homogeneity of the plates tested, and what is even more 
important, it demonstrates clearly the consistency of 
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Fig. 7 Effect of temperature on minimum = energy 
necessary to fracture I-in. thick steel plate welded with 
AW.S. Type 7016 electrode 


High-yield-strength steels F, E, B and XA, high-tensile Steel K and 
mild Steel 


MINIMUM ENERGY 


1" PLATE WELDED WITH 
AWS - 10015 ELECTRODE 
UNLESS OTHERWISE 


-20 
TEMPERATURE °F 
Fig. 8 Effect of temperature on minimum energy neces- 
sary to fracture l-in. thick steel plate welded with 1.W.S. 
Type 10015 and Type 12015 electrodes 


High-yield-strength steels F, E and B, high-tensile Steel Ki and 
STS Steel H 
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the test itself, since the existence of a variable of any 
appreciable magnitude in the test would be bound to re- 
sult in some scatter. 

The one exception, Steel I, where some scatter oc- 


MINIMUM ENERGY TO FRACTURE — CHARGE IN GMS. 


TEMPERATURE °F 
Fig. 9 Comparison of the minimum energies necessary 
to fracture prime steel plate Lin. thick and a welded joint 
made from the same steel 


High-yield-strength stecls F and E. high-tensile strength Steel Ky 
and mild Steel 
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Fig. 10 Comparison of results obtained by testing welding 
joints by the direct explosion test and by the University of 
California hatch corner type specimen test 


High-yield-strength steels F, E and B, and mild Steel Y: 
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Fig. 11 Typical fracture of extremely notch tough I-in. 
prime steel plate F at temperatures down to —95° F. 


Fig. 12) Typical fracture of extremely notch tough I-in. 
prime steel plate F at temperatures down to —95° F. 


curred, has exhibited the same lack of uniformity unde1 
mechanical tests and it is therefore reasonably certain 
that this scatter is due to nonhomogeneity of the pl it¢ 
The consistency of the test is also indicated by the re 

lationship between the magnitude of the ch ire 

extent of the physical deformation it produces in t] 

specimen. Figure 4 shows this relationship in terms of 
depth of a eup 15 in. in diameter at the rim, for bot] 


prime and welded plate. Although, with the possible 
exception of Steel F, the quantity of data for any one 
steel is not sufficient to justify positive conclusions, the 
total data for all tests considered as a whole indicates a 
consistent relationship between the charge and_ the 
deformation \ certain amount of scatter Is present 
but it does not exceed 3 to 4°, for identical specimens 
and test conditions, and can be accounted for by varia- 
tion in the thickness of the plate and variation in the 
flatness of the specimen prior to te sting \s a matter of 
fect, these two features together would produce at 
least scatter 

It would, of course, be possible to correlate thickness 
und degree of flatness of each specimen with the extent 
of deformation produced However, this was not 
considered worth while since measurement of the depth 
of the cup produced by the explosion is, in itself, a 
rather crude method of measuring strain of the speci- 
men. A more accurate method would be to mark the 
back of the specimen with a cross-sectional grid of 
known dimensions and note the change in those dimen- 
sions after explosion. It is hoped that such strain 
measurements will be made in future investigations 

It will be noted that littl apparent difference exists 
in the deformation of welded vs. nonwelded specimens. 

\ definite decrease in deformation does exist, how- 
ever, with decrease in temperature, which is to be 
expected 


In general, the behavior of all steels tested differed in 
two ways, depending on the steel and temperature of the 
test: a very large difference exis! i ‘amount of 


energy the specimen would absorb by plastic flow prior 


to fracture, and a further difference existed in the type 


and extent of fracture once it occurred 
Based on energy absorption capacity prior to fracture 

the steels tested in prime co! dition fell into three general 

groups, While based on difference in behavior during 

fracture the steel can be divided into two distinctly dif- 

ferent types 

to deseribe the beha 


Perhaps the he a during 


fracture of the fir tough type | : iat it be- 


Fig. 13° Typical fracture at subzero Fig. 14 Shear type fracture at min- Fig. 15 Typical fracture at mini- 


temperatures of I-in. prime plate imum = energy 


fracture of I-in. mum energy, of a welded joint made 


having poor resistance to propagation prime plate of high-yield-strength with notch-sensitive weld metal on 


of fracture. (High yield-strength 
Steel B) 
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Steel E having 


poor resistance to tough plate where fracture takes 
propagation of fracture in the direc- place entirely in the weld metal. 
tion of rolling 


(Steel F welded with 7016 electrode) 
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Fig. 16 Typical fracture at subsero temperature and at 
minimum energy of a welded joint failing entirely through 
the parent metal, with the fracture apparently originating 
in or near the weld. (Steel X41 welded with 7016 electrode) 
haves under the high-energy loading test essentially in 
the same manner as it would under any other mechanical 
A specimen of this group deforms plas- 
tically until the limit of elongation is reached at a point 


tensile test. 


or area of maximum stress. If additional energy is still 
available the specimen fails at. the point or line of maxi- 
} mum strain, the degree and extent of failure being 
) directly proportional to the amount of the energy ap- 


) plied. Since the loading of the specimen, and hence the 


hig. 17) Typical fracture at subsero 

temperature of a welded joint failing 

primarily through the heat-affected 

sone. (Steel FO welded with Mors 
electrode) 
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Fig. 18 Typical fracture at minimum 
energy to fracture of a welded joint 
failing through the heat-affected zone 
and parent plate. 

with 10015 electrode) 


(Steel B welded 


stress field, is not uniform over the entire specimen, the 
fracture does not propagate through the entire speci- 
men but is confined to the area of maximum strain 
which appears to coincide with the area of maximum 
stress. Since the area of maximum stress and strain is 
essentially a circle corresponding roughly to the area of 
the charge, the failure in that area or under the charge 
provides a circular opening which relieves the load pro- 
duced by the impact of the explosion and further frac- 
ture is no longer proportional to the energy applied. 
Exactly the same behavior can be expected if a slowly 
moving punch were substituted for the energy of the ex- 
plosive. The punch would deform the specimen and 
eventually shear a hole through its center, after which 
it would apply no further load to the specimen. The 
fracture in this group is always of the shear type, usually 
running at 45° to the surface of the specimen. Of the 
steels tested only one, Steel F, a nickel-chromium- 
molybdenum, quenched and tempered high-yield steel, 
behaved in this manner at all temperatures down to 
—90° F. A similar high-vield low-alloy steel, G, and a 
high-tensile steel, K, exhibited notch tough behavior at 
room temperature but changed to cleavage mode of 
fracture at 0° F. Only high-vield-strength steels were 
tested at elevated (175° F.) temperatures where they 
all behaved in notch-tough manner. 

It is interesting to note that difference in the total 
energy necessary to produce a fracture of comparable 
magnitude in notch-tough steels is of a quite different 
order of magnitude than what could be expected from 
their conventional mechanical properties. Thus high- 
vield Steel F at room temperature absorbs over 40°; 
more energy before fracture than does steel G, and 
about the same amount as special treatment Steel H, 
whereas Table 2 indicates that conventional energy ab- 
sorption of Steel F, as determined by the area under its 
stress strain curve, is only approximately 5°; greater 
than that of Steel G and approximately LO; less than 
that of Steel H. 


Fig. 19 Typical fracture at minimum 

energy and room temperature of a 

welded joint failing through the 

parent plate, with the fracture ap- 

parently originating in or near the 
weld 

Similar to Fig. 16, but use of 10015 weld 


metal resulted in greater energy absorption 
and greater de a prior to fracture 
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Fig. 20 Typical maximum deformation of 1l-in. prime 
plate prior to fracture of low-alloy Steel XA at subzero 
temperature 


Fig. 21) Typical maximum deformation of 1-in. prime 
plate prior to fracture of tough low-alloy Steel F at sub- 
sero temperature 


Fig. 22) Fracture of welded joint made from tough low- 
alloy Steel F with 10015 electrode at room temperature 


In considering the behavior of the second or notch- 
sensitive type, probably the most significant difference 
is found in the fact that in these steels the fracture, after 
starting at the point of maximum stress, or in the case 
of welded jomts at the point ol minimum strength 
proceeds in a random manner across the entire speci- 
men, often traveling through areas of very low stress 
until the end of the physical continuity of the specimen 
is reached at its edge. In some cases at room tempera- 
ture, and in most cases at subzero temperatures, the 
fracture divides and subdivides into a multitude of 
paths so that the specimen breaks into many pieces 
The fracture is usually of the cele avage type assoc ited 
with failures of brittle materials 

It will be noted that in the direct explosion test 
change fror shear to cleavage mode of fracture is 
accompanied by a drastic drop in energy absorp 
capacity as happens in the Charpy or Izod test 
though, in general, the specimens failing by shear 
sorbed more energy prior to fracture than did the spec 


mens failing by cleavage Thus the energy absorption 


of high-vield Steel G is only 7°; lower at O° F. than at 
even though the mode ol tracture change s from 


ge to all shear at some point between these tw 


temperatures. Furthermore, it is possible for on 


to fail by we Tractul vet absorb more energ 
prior to fracture than for another 
shear fracture 

However, minimum energ. ire does no 
complete story sine it onh expres thie energy 
ary to initiate the fracture and does not 


account the energy necessary to propagate the fract 


after initiation. As was previously pointed out, the ex 
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tent of fracture in notch-tough steels is roughly propor- 
tionate to the energy applied, whereas in notch-sensitive 
steels the length of fracture becomes exponential with 
the energy applied once fracture is initiated. Thus it 
would appear that a structure made of notch-tough steel 
may fail locally and still perform its over-all loud-carry- 
ing function, while it is reasonably certain that a local 
failure in a structure made from notch-sensitive steel 
will start a progressive failure culminating in complete 
collapse even though the structure as a whole may be 
only lightly loaded 

In general, however, it appears that notch-tough steels 
absorb considerably more energy before failure than do 
the notch-sensitive steels particularly é ow tempera- 
ture. Certainly both steels F and G performed very 
much better, particularly at low temperature, than 
anv other steel. 

Another interesting fact is that the sudden sharp drop 
in energy absorption pnor to Tracture may occur long 
after 100°, cleavage failure begins to take place. Thus 
minimum energy to fracture mild steel Y» drops from 
380 gm. to 60 gm. between 1) and 90° F., even 
though fracture by cleavage occurs all the way up to and 
including room temperature rhis decrease in energy 
absorption manifests itself in even more spectacular 
form in terms of plastic flow prior to fracture: whereas 
Steel Yo at 10° F. formed 
failure, at 90° F. it failed without any plastic de- 


2.21 in. des prior to 


formation whatsoeve! 


In fact, in several such cases the elastic strain which 


occurred prior to failure was not sufficient to fracture 


the mill scale, which remained intact on the surface of 
the specimen, holding the pieces together and giving an 
illusion of an intact plate 

The sudden drop in energy absorption within a com- 
paratively narrow temperatut we W not observed 
in anv of the steels containing alloy additions, tested as 
prime plate, the decreas energy absorption being 
linear, or nearly linear, in all cases down to 90° Fb. or 
the lowest test temperature 

Steel | presents an interesting ‘in so lar as it ap- 
pears to belong to some extent oth groups \l- 
though the ease with which it sustains ¢ omplete tracture 
places it into the second o1 ttle group, it tails at tem- 
peratures down to 10° F. with the typical shear frac- 
ture. This is apparently rectional 
properties as fracture in tl : il travels along 
the line of rolling of the lat tous th pos ible for 
steel to fail in a shear or ductile manne! d vet exhibit 
the poor resistance to fractur pagation of the notch- 


sensitive steels 


Based on thei 


groups: steel 
sorption property ) 1 ( ying a 
moderate and nearls ! ec! hn energ 
on with decrease in temperature and howing a 
very large and s bsorption 


mn a narrow 


the energy 
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te 
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= 
al 
ability to absorb energy prior to frac- 
o 
Vt temperature rang 
The first group had approximately doubl: 


absorption capacity of the second group, while the 
second group, though only slightly higher in energy 
absorption than the third group at room temperature, 
had nearly ten times the energy absorption capacity of 
the third group at —90° F., or after the occurrence of a 
steep drop in energy absorption properties somewhere 
between —40 and —90° F. Referring to Fig. 6, it will 
be seen that only one steel, F, falls into the first group 
while all the other low-alloy steels tested, as well as the 
manganese-titanium-vanadium Steel K, fall into the 
second group. All mild steels tested as well as the high- 
manganese high-tensile Steel Y, form the third group. 

It is interesting to note that this grouping of steels 
does not bear any definite relation to either their chem- 
istry, heat treatment or conventional mechanical 
properties. For instance, the total alloy content of 
steels F, R and I, as well as their conventional mechani- 
cal properties, were very nearly the same, while on the 
other hand, Steel K had very much lower alloy content 
and yield strength than either F, RorI. Yet Steel F was 
in Class 1 all by itself, while steels R, I and K were in 
Class 2, with Steel K definitely superior to either R or 
I at low temperatures. similarly, the only apparent 
difference in chemistry between Steel K and Steel Y, 
was an addition of 0.08 vanadium and 0.005 titanium in 
the former while their mechanical properties were nearly 
identical, yet Steel Y; very definitely belongs to the 
third group, its energy absorption dropping from 375 to 
60 gm. between —40 and —90° F. 

In reviewing the performance of welded joints tested 
it becomes immediately apparent that the presence of 
the weld lowers the energy absorption capacity or 
toughness of the prime plate to a marked degree and 
that the decrease in toughness becomes progressively 
more pronounced with the decrease in temperature 

Figures 7 and 8 compare performance of joints made 

with A.W.S. Class 7016 and 1LOOL5 electrodes, respec- 
tively, while Fig. 9 compares performance of prime 
} plate with performance of welded joints for several 
| steels and electrodes. 
In examining Figs. 7 and 8 it will be seen that al- 
} though in general the performance of the welded joint is 
influenced by both the steel and the electrode, the 
relationship is neither consistent nor simple. Thus re- 
ferring to joints made with 7016 electrode the most pro- 
nounced difference occurred between steels F and Yo at 
subzero temperatures, which would seem logical since 
F in prime state was also the toughest, while Y>. was the 
least tough of all the steels tested. However, at room 
temperature Steel Y> as welded with 7016 electrode per- 
formed considerably better than Steel B, despite the fact 
that in the prime state B was much tougher than Y» 
Furthermore, Steel IK, which in prime state is less 
tough than Steel FE and only a little better than Steel B, 
was greatly superior to B at all temperatures and su- 
perior to down to when welded with 7016 
electrode 

Again, considering the same steels welded with Class 
10015 and 12015 electrodes, it will be seen that al- 
though, in general, considerable improvement has been 
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effected by the use of tougher weld metal the improve- 
ment is by no means uniform, nor, again, is the general 
performance of the joint a simple function of the per- 
formance of the plate forming the joint. Thus, referring 
to joints made with 10015 electrodes, while Steel F again 
shows best performance Steel KX; shows a very marked 
improvement, with steels E and B exhibiting hardly 
any improvement. Perhaps the key to this apparent in- 
consistency lies in the fact that the over-all strength of 
the welded joint is no greater than the strength of any 
one of its three major components: weld-metal, fusion 
zone and heat-affected zone. Thus increasing the 
toughness of the weakest of the three would merely 
throw the fracture into the next weakest zone without 
necessarily increasing the strength of the joint. 

An examination of the path of fracture of the various 
joints reveals that in general this is what does actually 
take place in the majority of cases. Thus Steel F, 
welded with 7016 electrode, failed by fracture of the 
weld metal at all temperatures, whereas Steel IX; welded 
with 7016 electrode, failed at approximately the same 
energy input but by fracture through the heat-affected 
zone at room temperature, and through the parent plate 
at subzero temperature. On the basis of this per- 
formance it could then be expected that the use of 
tougher weld metal would improve performance of 
Steel F but not of Steel K. Actually, Steel F, welded 
with 10015 electrode, did perform uniformly better at 
all temperatures while K did not show any improvement 
at room temperature when welded with 10015 electrode. 
However, at subzero temperature the use of tougher 
weld metal did result in almost 100°) improvement in 
performance of Steel IK, despite the fact that the path of 
fracture appeared to follow the same general pattern as 
in the case of joints made with 7106 electrodes 

In the case of Steel E fracture took place through the 
7016 weld metal at all temperatures, while the use of 
10015 weld metal shifted the fracture into the heat- 
affected zone at all temperatures down to —40° F. and 
into the parent plate at —90° F. The increase in 
energy required to fracture the joint made with LOO15S 
electrode was more pronounced at subzero temperature 
than at room temperature, indicating that the tough- 
ness of 7016 weld metal decreased more rapidly with de- 
crease in test temperature than cid the toughness of 
the heat-affected zone, and that in both cases the tough- 
ness of the fusion line was greater than that of either the 
7016 weld metal or of the heat-affected zone 

Steel B failed mostly through the weld metal at room 
temperature and through the fusion line and parent 
metal when welded with 7016 electrode. When welded 
with 10015 electrode Steel B failed through the fusion 
line at room temperature at very much higher energy 
input. At 0° F. the use of 10015 electrode shifted the 
fracture into the heat-affected zone but with a compara- 
tively lower increase in energy absorption capacity, 
while at —90° F 
energy to fracture were identical for both electrodes. 


both the path of fracture and the 


Two unexplained phenomena emerge from the above 
survey of the path and manner of failures, as follows: 
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1. The strength of the weld metal under triaxial 
loading appears to be a function of both its mechanical 
properties and of the chemistry of the steel it joins. 

2. The strength of the welded joint under triaxial 
loading is a function of the electrode composition even 
in cases where the fracture, though appearing to 
originate in or near the weld, is confined entirely to the 
parent metal. 

Both of the above anomalies are too well pronounced 
Thus the strength of 7016 
weld metal at room temperature varies from the maxi- 


to be dismissed as accidental 


mum of 610 gm. for Steel F to a minimum of 360 gm. for 
Steel B, while at zero degrees the percentage difference 
is even greater, varving from 440 gm. for Steel F to 200 
gm. for Steel B. 

Similarly, the strength of Steel K, at 10° F. is 
nearly doubled when 10015 electrode is used instead of 
7016, despite the fact that in both cases the pattern and 
length of fracture is almost entirely confined to parent 
plate, the only failure in the weld area being when the 
fracture crosses the line of weld at right angle to its 
longitudinal axis. 

A possible explanation of the first anomaly may lie in 
the fact that the severity of the triaxial stress field is 
greatest in the middle of the plate halfway between its 
two surfaces and that the fracture, in all probability, 
originates there. Such stress distribution is indicated by 
the theoretical analysis of the stress system involved 
and is substantiated by observations of the origin of the 
fracture during this and previous investigations. The 
weld metal in the middle of the plate, however, is that 
of the root bead or of the first pass which is to a large 
extent diluted with the parent plate and is thus af- 
fected by Its chemistry and properties 

The second anomaly presents a more perplexing cass 
The general pattern of the fracture, traversing as it 
does the weld at right angles to its longitudinal axis, sug- 
gests the possible influence of the residual weld stress, 
at least in cases where it is not preceded by plastic flow 
The fact, however, that. the same phenomenon occurs in 
fractures which are preceded by appreciable plastic 
flow, points out that the role played by the residual 
stress is, at most, secondary. Furthermore, since the 
magnitude of the residual stress is, if anything, greatet 
in the case of 10015 electrode than in the case of 7016 
electrode, its existence cannot in any way explain the 
superior performance of the former Accordingly, a 
plausible explanation must await a better understand- 
ing of the mechanism of fracture under triaxial stress 

In studying Fig. 9 perhaps the most startling fact is 
the very wide difference existing under conditions of 
triaxial stress in energy to fracture of materials which 
under conventional tensile tests, do not differ by more 
than at most 50°). Thus, at room temperature the 
vith LOOLS 


electrode is double the energy to fracture of alloy Steel 


energy to fracture of low-allov Steel F welded 


E. welded with the same ele: trode, and 3 times the 
energy to fracture of mild steel welded with 6050 This 
difference becomes even more pronounced as tempera 
Thus at 30° | welded 


tures decrease low-allov Steel F. 
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with LOOLS electr: as energy to fracture four times 
greater than mild Steel Y. welded with 6010 electrode, 
while carbon-manganese-vanadium bearing Steel Ky, 
welded with 10015 electrode, is two and a half times as 
tough as Steel Y. welded with 6010 electrode. At 
—40° F, 
times, respectively. 


these differences become twenty and sixteen 
The superiority of Steel K, is 
particularly interesting since it is a normalized rather 
than a quenched and tempered steel, and since it can 
be welded with 10015 electrode without preheat neces- 
sary to weld Steel F. 

Another extremely significant fact is that apparently 
under conditions of triaxial stress practically all 
welded joints require lower energy to fracture than the 
prime plate joined by the weld This decrease in 
toughness becomes more pronounced as temperature 
decreases, and reaches considerable proportions at tem- 
peratures as high as 30° F. Thus energy to fracture of 
mild Steel Ye when welded with 6010 electrode, drops 
nearly 50°] at 30° F. and over 90°% at 10° F. 

\s stated before, one of the objectives of this in- 
vestigation was to establish the degree of correlation 
existing between the direct explosion test and the hatch 
corner type specimen test dey eloped at the University of 
California. It will be remembered that University of 
California investigators reported that the hatch corner 
type specimens fabricated from Type F steel and welded 
with Class 10015 electrode, required three to four times 
the energy to fracture than did similar 
fabricated from steels E and B 


specimens 
This compares ¢ losely 
with the results obtained in this investigation, as will be 
seen from Fig. 10, which reproduces the results obtained 
at California as well as the results of the present investi- 
gation 

If anything, the hatch corner test appears more severe 
than the explosion test since it shows greater difference 
and 


It must be remembered, however, that in the direct ex- 


percentage-W between Steel i and Steels 


plosion test the reported energy to fracture in the case 
of notch-tough steel such as F is the energy necessary to 
effect a partial fracture and should be increased by a 
considerable amount to be exactly comparable to the 
energy necessary to effect complete fracture reported 
in the hatch corner tests 

With this qualification it will be seen that the results 
of both tests parallel each other very closely, even to the 
point where both tests show Steel B to be somewhat 
better at room temperature than Steel E, but not as 
good at lower temperatures 

\ mention was made in the general discussion that 
evidence exists that high rate of strain, unless combined 
with triaxial stress, does not apprec lably affect per- 
formance of welded jomts The data supporting this 
statement was obtained as part of a re lated but incom- 
ple ted investigation of the effect of the geometry of the 
welded joint 


During this investigation it was estab- 


lished that the performance of the weld was equal to 
that of the parent plate regardless of the temperature of 


the test as long as the weld was outside of the area 


covered by tl harge 


Not only did the specimens con- 
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taining such welds absorb the same energy as prime 
plate specimens, but the amount of plate deformation 
sustained by the weld without fracture was greater than 
in specimens where the weld, or a part of it, was located 
under the charge. Since it is reasonable to assume that 
the rate of plastic strain is nearly the same throughout 
the specimen at any one time, it follows that the high 
rate of strain present in this test is not responsible for 
the poor performance of the welded joint under this 
test. 


CONCLUSIONS 


On the basis of the data obtained in this investigation 
the following tentative conclusions appear to be reason- 
able: 

(a) Good correlation appears to exist between the 
load-carrying capacity of welded joints as determined 
by the direct explosion test and by the static loading to 
destruction of a fabricated structure containing steep 
stress gradient (hatch corner type specimens). 

(b) Wide differences appear to exist in the energy 
necessary to fracture and in the extent of plate deforma- 
tion prior to fracture of ferritic steel plate, particularly 
at subzero temperatures, depending on the chemistry 
and heat treatment. 

(ec) The strength of welded joints is in nearly all cases 


lower than the strength of the plate forming the joints, 
the decrease becoming severe at below freezing tem- 
peratures. 

(d) The strength of a welded joint made with 6010 
electrode from carbon-manganese steel is only half the 
strength of the prime plate at 30° F. and one-tenth at 
—40° F. 

(e) The strength of the welded joint can be greatly 
improved by the use of proper alloy electrodes. 

(f) The strength of the welded joint cannot be pre- 
dicted from the performance of the plate forming the 
joint and of the weld metal, but is a complex function of 
both. 
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The High-Frequency \otch-Bend Test 


® An economical method for determining the applicable 
welding procedure for ferritic steels is indicated and the 
necessary proof for the validity of the procedure is presented 


by Bela Ronay 


ABRICATION by are welding has reached the 
stage which makes it mandatory for the designer to 
have information not only concerning the mechani- 
cal properties of the steels he intends to specify, but 
also whether the materials can be fabricated by are 
welding producing joints of the desired efficiency by em- 
ploying techniques which can be executed conveniently 
and at costs commensurate with the character of the 
structures involved. For information concerning the 
applicable welding procedure for a given steel, the de- 
signer turns to the Welding Engineer. 
This assignment includes two separate problems: 
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namely, the development of the applicable welding pro- 
cedure, and the selection of the applicable filler metal. 
Welding Engineers often combine the two problems and 
attempt to determine the applicable wélding procedure 
and the suitability of electrodes by fabricating weld- 
ments wherein either one or more factors are kept con- 
stant ata time. Neither of these procedures represent 
the scientific approach, both are costly and in combina- 
tion leave the accomplishment to chance. The scientific 
approach to the problem is to determine separately the 
applicable welding procedure and the suitability of the 
applicable welding electrodes. Welding Engineers are 
fully aware of the desirability of the above and would 
apply the twin procedures if the methods for their ap- 
plication were standardized 

This paper presents an economical method for deter- 
mining the applicable welding procedure for ferritic 
steels; the validity of this procedure was proved in use 
during the past six years. 
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BASIS FOR METHOD 


The procedure was based on the empirical knowledge 


that metallurgical changes occurring in the heat-af- 
fected zones of multipass are welds, executed in accord- 
ance with acceptable practices, are for a given steel 
consistently comparable regardless of the thickness of 
the material in excess of ' » in his contention was 
confirmed mathematically by the Rensselaer Polytech- 
nical Institute group of research workers 

It follows then that it is practicable synthetically to 
produce within a restricted portion of a specimen of 
suitable volume and geometry the same metallurgical 
change which oceurs within the heat-affected zones of a 
multipass are weld produced in companion materials 
This can be accomplished by the application of an ap- 
propriate heat source and heating method such as high 
frequency induction 

valuation of the synthetically produced metallurgi- 
cal change as regards serviceability of the weldment was 
based on determining the degree of the concurrent notch 
sensitivity change 

Notch sensitivity was selected as the criterion in that 
this property can be evaluated and correlated as re- 
gards serviceability by means of a simple notch-bend 
test By design, the stress concentration value of the 
applied noteh can be made equal that which obtains at 
the toes of the fillets of the familiar tee-bend specimen 
The latter, in turn, represents the most critical joint in 


weldments 


THE METHOD 


Execution of the concepts given above took form as 
follows 
8-in. flat bar specimens are taken. These are removed in 


From the steel to be examined * ~ by 1! o- by 


the manner shown on Fig. | Che notch design shown 
on Fig 2 whose stress concentration value ¢ juals that 
which obtains at the toe of a fillet was developed by 
means ol photoelastic studies The localized heat 
treatment was based on mathematical computations, 
results of Jominy tests and experimentation, and is ac- 


complished by means of high-frequency induction ap 


plied by a single turn coil. The results obtained by 


means of this he iting procedure vere correlated as re 
gards grain structure development and hardness value 
with those of the heat-affected zones of multipass re 


welds executed under the conditions vhich were simu 


lated by the high-fre iencv heat treatment By em 


oie” 


Fig. 1 Orginal plate, size 2 x 10 x 20 in., cut down to re- 


move hardened faces caused by flame-cutting operation. 


Chemical sample, 1 xix 2in. 
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ploying a simple turn coil the width of the band'exposed 
to the effects of high frequency induction heating is re- 
stricted to an approximately ! »-in. width, the coil being 
located at mid-length of the 8-in. long flat bar speci- 
mens. The single turn coil heats the ' sin. wide band 
from an ambient temperature of 70 to 2150° F. in 49 
sec. The geometry and volume of the * s- by I! 2 by 8- 
in. specimens are sufficient to quench the '/-in. wide 


center portion heated to the above temperature at a 
rate comparable to that occurring in multipass welds 
exceeding '/, in. in thickness. The above heat treat- 
ment, namely, raising the temperature of the center 
portion of the specimen to 2150° F. in 49 sec., repre- 
sents welding without preheating and with the ambient 
air temperature at 70° F. and also with the interpass 
temperature not over 120° F. To determine whether a 
welding procedure where ho preheat Is applied and 
where the interpass temperature is permitted to sink to 
120° F. is applicable to a given steel is performed in the 
following manner. First, the notch sensitivity of the 
unwelded base metal, namely in the as-received condi- 
tion, is determined by deforming a notched-test bar in 
the adjustable bending jig. This jig has several plung- 
ers, whose diameters range trom 2-] to | whe re 

s in., namely the thickness of the flat bar specimen 
The anvil of the jig is separable to accommodate the 
various size plungers. The notch sensitivity of the un- 
affected base metal is expressed by the radius of the 
plunger of the least radius under which it deforms, with 
the notched side in tension vithout deve loping detects 
in excess of ' sin. in any direction. It is expected that 
the heat-affected portion of the we ldment shall POSSESS 
no bh gher degree of notch sensitivitv than that ot the 
unatfected base metal hen it follows that the heat- 
treated specimens not hed in the center of the treated 


zone should deform without defect development under 
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the same plunger as the nonheat-treated, notched base 
metal samples. 

In the event the heat-treated specimen fails, indi- 
cating increased notch sensitivity, it is then necessary 
to modify the welding procedure simulated by the high- 
frequency heat treatment. The modification may con- 
sist of pre- and postheating. 

To simulate the welding procedure wherein preheat- 
ing is employed, the sample is preheated in a furnace to 
the desired level before it is subjected to high-frequency 
induction heating. To compensate for the preheat, the 
duration of the high-frequency heating period is re- 
duced in accordance with the chart shown in Fig. 3. 
This chart was developed empirically. On completion 
of the high-frequency heating, the specimen is replaced 
in the furnace and cooled there slowly to room tempera- 
ture. When preheating is insufficient to counteract the 
increased notch sensitivity, Obviously postheat treat- 
ment is indicated. 

The applicable postheat treatment level based on the 
minimum time-temperature combination to reduce the 
yield point below a specified maximum, usually 3000 
psi. for ferritic steels, may be determined independ- 
ently using the procedure given in reference 1. The 
simulation of a welding procedure involving both pre- 
heat and postheat treatments is carried out as follows: 
The specimen is preheated to a specified level before it is 
submitted to the high-frequency heat treatment. On 
completion of the latter, it is returned to the furnace 
whose temperature is then raised to the previously de- 
termined or arbitrarily chosen postheat treatment level. 
After having been held at that temperature for the spe- 
cified length of time, it is cooled with the furnace to 
room temperature, notched and tested in the bending 
jig. The postheat temperature level which effectively 
tempers the heat-affected zone and reduces notch sensi- 
tivity to the level of the unaffected base metal may be 
determined empirically by testing a few specimens post- 
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Fig. 3 The effect of preheating on high-frequency heat- 
ing of bend bars. Temperature, 2150° F. Specimen, x 
Dox Bin. 
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DETERMINATION OF WELDING PROCEDURES 


AS 
at RAD. 


AS 
ST SERCO fad. 


NO PREHEAT 
WEAT CYCLED 

iT BEND RAD 


ST BEND RAD. 


PREHEAT 
HEAT CYCLED 
SOO* PUSTHEAT 
ST BEND RAD 


S00” PREHEAT 300 PREHEAT 

WEAT CYCLED WEAT CYCLED PREHEAT 

1200° POSTHEAT 1200° POSTHEAT 
BEND RAD. 

ST BEND RAD. 


HEAT CYCLED «HEATING AYe WIDE BAND IN 
CENTER BY HI-FREQUENCY INDUCTION TO 2I50° F. 
AT RATES BELOW 


ROOM TEMP.TO 2150°F. IN 49 Sec. 


Figure 4 


heat treated within the applicable temperature range. 
However, it is expected that the postheat treatment 
perform a double function, namely, tempering the heat- 
affected zone and relieving the residual stress. For 
many low alloy steels, the temperature which satisfies 
one of the above requirements also satisfies the other. 
However, there are steels whose vield point sinks to 
3000 psi. at a temperature considerably below that 
which is required for tempering. An example is the 4/6 
chromium-1/2°; molybdenum steel whose yield point 
sinks to 3000 psi. at about 1150° F., but which must be 
heated to not less than 1350° F. 
To ascertain whether the 


to reduce its notch sen- 
sitivity to the normal level. 
temperature level specified to bring about correction of 
notch sensitivity also satisfies the requirements for 
stress relieving, it is often advisable to perform the two 
operations separately. 


ADVANTAGES 


The primary advantage of the high-frequency notch- 
bend test is that after a short period of practice, it can 
be employed for any complex steel using fewer than 10 
specimens, weighing only 12!/2 lb. to complete the de- 
termination of the applicable welding procedure. Two 
specimens usually suffice to determine the notch sensi- 
tivity of the base metal in the as-received condition. 
Familiarity with the type of steel represented by the 
material at hand, permits approximation of the pre- 
heat level so that two or three additional specimens only 
are required for this determination. Three more speci- 
mens usually are sufficient to determine the postheat 
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treatment in the event that the minimum temperature 


has not been previously ascertained on the basis of low- 
ering the yield point to below 3000 psi. In the event 
that the above preliminary test is performed, fewer 
than three specimens are needed to determine the ap- 
plicable postheat treatment temperature. As shown in 
Fig. 4, a total of six specimens was sufficient to deter- 
mine the applicable welding procedure for a complex 
low-alloy steel. The importance of the application ol 
this procedure is fully illustrated by the above example 
in which less than 5' /2 lb. of steel were employed to com- 
plete the procedure. The procedures now employed in 
industry require the fabrication of several weldments, 
each weighing upward of 60 Ib. The tabulation, Table 
1, presents the comparable results obtained from weld- 
ments and from specimens wherein the heat-affected 
zone was produced synthetically by high-frequency 
heating. The weldments were produced using compan- 
ion materials from a single plate and employing pro- 
cedures which parallel those simulated by the high-fre- 
quency notch-bend test. 


RESULTS 

The data given in Table 1 present a series of wrought 
and east Cr-Mo steels intended for high-pressure, high- 
temperature applications. These results show that the 
wrought steels tested were not notch sensitive in the as- 
received condition and that this property was fully re- 
stored by the applied pre- and postheat treatment as 
indicated by the results of the noteh-bend test per- 
formed for the two types of specimens, wherein the heat 
affected zone was produced by either welding or high- 
frequency heating. 


Table 1 


MATERIAL HIGH FREQUENCY NOTCHED WEL DEC 
“aS RECE! VEO BEND APPLIED PLATES 
WARONESS | HARONESS 
? 400 To soc 
300 

300 To $00 127 Ye 1300 
ta 
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ALi OTHERS ARE BRINEL CONVERTED FROM BOC SCALES 


The cast materials tested showed a tendency toward 
notch sensitivity in the as-received condition for those 
with the 
maximum sensitivity noted in the 0.28 C material. It 


wherein the carbon content exceeded 0.25°; 


is noted, however, that the degree of not h sensitivity 
did not increase either in the heat-affected zones in the 
welded samples or in those wherein it was produced 


synthetically although a considerable increase in hard- 
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ness is noted for the heat-affected portions of the latter 
specimens. 

The hardness values obtained for the heat-affected 
zones produced by welding and synthetically are, in 
general, in good agreement though those for synthetic- 
ally treated samples are somewhat higher than the av- 
erages given for the welded materials. ‘This apparent 
discrepancy is readily understood in view of the varia- 
tions noted in a hardness exploration of a weld section. 
Hardness readings for a weld section show a considerable 
range in that they include, inadvertently, portions of 
the transition zone. Also, the hardness values may vary 
from pass to pass as the cooling rate changes with vary- 
ing rates of progression or other changes in the power 
input rate. Thus, the averages computed for the hard- 
ness of the heat-affected zones of welds usually repre- 
sent the means of a considerable 


ange which includes 
lower values than those obtaining within the wide band 
of the synthetically produced heat-affected zones. In 
taking the hardness reading by the Knoop indentor 
there is better control as regards the location of the in¢ 
dentations and since the test is performed for etched 
specimens, each selected location is first viewed on the 
100 X power microscope, thus the operator can readily 
avoid taking readings within the transition zone. It is 
therefore noted that the Knoop readings for the two 
types of specimens examined are in close agreement It 
is also noted that the degree of notch sensitivity of two 
of the cast materials tested remained unchanged subse- 
quent to exposure to the thermocycle of we lding, either 
actual or simulated, without the benefit of postheat 
treatment Applying stress relief treatment at the 
1200-1300° F. level to these cast metals did not reduce 
the notch sensitivity level below that given fot the as- 
received condition 

The principal drawback of this procedure is the re 
quirement for the costly 10 to 15 kw. capacity high- 
frequency generator. However, it has been demon- 
strated that the savings obtained by elimination of 


welding tests, reimburse the cost of the high-frequency 


generator in a few applications. In addition, labora- 
tories and production departments readily find other 
work for a high-frequency generator as the power 
source for surface hardening, brazing and other heat 
treatments. To render the procedure more attractive 
to industry, tests are being performed currently to 
adapt inexpensive 60-evcle, single-phase transformers 
to produce bv means of resistance heating, the metal- 
lurgical effects now obtained by high-frequency indue 
tion heating 
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Weld Embrittlement in Chromium Stainless 
Steels 


» Water quenching or air cooling certain types of stainless irons from 
above 2200° produces embrittlement which is not reliably detected 


by hardness measurement. 


by Helmut Thielsch 


Abstract 


\ new type of embrittlement occurring in low-carbon high- 
chromium irons has been investigated using high-temperature 
furnace quench tests, induction heating techniques and weld 
tests 

Water quenching or air cooling Types 405, modified 410 (less 
than 0.08% carbon) and 430 stainless irons from temperatures 
above 2200 to 2300° F. will produce in them a rather abrupt 
embrittlement and increase in hardness. This change in me- 
chanical properties appears to occur at temperatures at which 
ill the austenite and carbides have been dissolved in delta- 
ferrite E:mbrittlement seems to accompany severe grain growth, 
but a large grain size alone will not account for it. 

Hardness values alone do not give a true (relative) indication 
of the other mechanical properties of these stainless irons Thus, 
while two specimens of the same allov, quenched from different 
levated temperatures, exhibited identical hardness values, the 
F elongation was found to vary by as much as 20% (in 2 in.) and 

the Charpy impact values by 20 to 25 ft.-lb 

With exception of the excessive grain growth, the detrimental 
peffects of overheating may be removed by annealing between 
11350 and 1450° F 


rior to single bead welds 


Thus, multibead weld deposits will be supe- 
However, for improving properties, 
postannealing is far superior to any change in welding technique 
and should be employed wherever a restoration of the ductile 
properties of the steel is of major importance. 


INTRODUCTION 


T IS well known that the straight-chromium stain- 
less steels are not welded as easily as the austenitic 


chromium-nickel grades. For example, Jennings,’ 

Zeyen® and Miller® have reported that chromium 
steels ranging in composition between approximately 12 
and 17.5°¢ chromium, and welded with similar type 
welding rods, failed in the as-welded condition on bend- 
ing as little as 14 to 33 This, obviously, is character- 
istic of highly brittle behavior However, subsequent 


thermal “stress-relieving’’ treatments between 1300 
and 1450° F. will restore the steel to satisfactorv due- 
tilitv, giving bend angles as high as ISO 
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Stainless Steels 


It may be removed by post annealing 


Improved results are obtained by using austenitic 
welding electrodes. However, here some embrittle- 
ment can still be noted in the heat-affected zone of the 
parent metal and often welds will fracture in a highly 
brittle fashion. To some extent this will depend upon 
the welding technique, that is the temperature of over- 
heating in the embrittling range. Thus gas welding, 
by its nature, will develop a deeper heat-affected zone 
than electric are welding. This highly detrimental 
embrittlement of the fully and partially ferritic chro- 
mium steels occurs on heating at temperatures above 
2200 to 2300° F. 
possible stress-relieving effect may reduce somewhat 


By depositing several beads, the 


the degree of embrittlement. 

These unfavorable results introduce a conflict with 
impressions gained from Section 7 of the ‘Interpreta- 
tions of the A.S.M.E. Boiler Code,’ Case 896, approved 
October 25, 1948.* This section stutes that stress- 
relieving treatments may be omitted on “Grade O 
material and Grade with 0.08 maximum carbon 
welded with austenitic electrodes.” A.S.M_E. Grades 
© and A correspond to the A.L.S.1. Types 405 and 410, 
respectively. 

Contrary to the above specifications, considerable 
trouble has been experienced in many Type 405 (Grade 
©) and low-carbon 410 (the “modified” type) (Grade 
A) welded assemblies which have not been stress re- 
lieved. This is true also for the Type 430 compositions 
which, however, are not covered in the above specifica- 
tion. It should be remembered that although ‘lypes 
105 and 430 stainless irons are essentially ferritic in 
nature, they are capable of exhibiting brittleness to a 
degree surpassing even that of their martensitic, high 
carbon Type 410 (O.08-0.15°, © 


Because of the apparently critical nature of the high- 


counterpart 


temperature embrittlement resulting from welding and 
possible overheating a detailed investigation Was under- 
taken in the Research Laboratories of the Lukens 
Steel Co. to study the effects plaved by various heat 
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treatments on the mechanical properties and the micro- 
structure of these steels. 
ALLOYS STUDIED 


Four major types were studied for which the com- 
position ranges are given in Table 1. 


Table 1—Type Designations and Compositions of Major 
Maritensitic-Ferritic Stainless Lrons 


Vn, 

Typ Var. Var Var Cr 1/ 
105 0 0S 1.00 1.00 11. 50-1350 0. 10-0.30 
110 0.15 1.00 1.00 11.50-13.50 
$10 (modi- 0.08 1.00 1.00 11 50-13.50 

fied 
30 0.12 1.00 1.00 14_00-18.00 


Sulphur 0.03°; max. Phosphorus 0.04°7, max 


The 


article 


actual compositions of the alloys discussed in this 
are given in Table 2 

EXPERIMENTAL PROCEDURE 
The 


major 


experimental procedure was divided into three 
These (1 heat 


induction heating tests and (3) tests on weld 


sections were furnace treat- 


9) 


ments, (2 
deposits. 

The furnace heat treatments were designed to show 
quantitatively the effects plaved by quenching different 
These 


heating to weld 


alloys from various elevated temperatures 


tests should give an idea as to how 
temperatures may alter the physical properties of an- 
f the 
whole elevated temperature range, the specimens were 
heated in a 


1500) and 


nealed specimens. To gain an understanding « 


lobar furnace at between 
100° F To 


equalize the structure of the specimens as well as pos- 


temperatures 
2500° | varied 


in steps ol 


sible, a preheat treatment was employed consisting 
of a 20-hr at 1450° F. 


All the major mechanical properties were of interest 


anneal 
Thus, three types of specimens had to be heat treated 
Hardness values were obtained from blocks measuring 
Rockwell age 


Ten readings were taken 


about 1 x 1 x to 46 in. 


determinations were made. 
on each specimen to 


point Rockwell 


Moreoy er, 


the indenter was checked frequently on a standard test 


block. 


From the experiments it is felt that an accuracy 


The 


averaged readings were converted to Brinell hardness 


of better than one point Rockwell was obtained 
numbers. This is practiced by most investigators on 
these stainless alloys, and allows thus better compari- 
son to the data reported in the literature 

specimens were milled down 


F heat treated and quene hed and 


Charpy keyhole impact 
to a thickness of ' 2 in 
finally milled and ground to their standard dimensions. 

The tensile tension specimens were heat treated in the 
form of 1-in. square bars quem hing these were 
machined down to standard dimensions. The surface 
of these two tvpes of specimens Was checked also by 
hardness readings 

\ rapid water quench was obtained by placing the 
tank 


The specimens were dropped into the tank and agi- 
tated 


quench immediately under the furnace door. 


To simulate the short heat ing cv le ol welding, a nume 
ber of specimens were heated under carefully controlled 
Che 


conducted at Lehigh University using a Lepel High- 


conditions in an induction furnace tests were 


Frequency Unit having a rating of 30 k.w. The ins 
duction coil consisted of 16 turns of in. Wwatere 
cooled copper tubing flattened to « In The inside 
area of the coil was about °/sx2in. The test specimens 


measured 1x 3.x !/s in They were placed about | in, 


deep into the induction coil—the other 2 in. remaining in 


air 


Platinum—platinum-rhodium thermocouple wires 


were spot welded about '/s in. apart to the end of the 


on coil i small con- 


velder The 


thermocouple wires were connected 


specimens inside the inducti 


denser discharge spot other ends of the 


to a Speedomax 


controller, which was adapted with a cireuit 


breaker. This eut off the induction furnace imme- 
diately when the specimen reached a certain set maxi- 
mum temperature ‘ Variations were mack in the manxi- 


mum temperature to which the specimens were heated 
and in the time eyele by changing the power input to 
the After 


either were air cooled or were water quenched into a 


induction coil heating the test pieces 


bucket placed helow the coil 
First, a 


one 


Are weld tests were made in two groups 
20 weld metal 
20°7, Ni) was laid on a series of | in. wide 405-410 speci- 
The 


hardness and microstructure 


narrow '/,-in. wide bead of 25 % Cr 


mens then investigated for 


Moreover. 


were prepared using, again, 


specimens were 
a number of 


standard weld bend tests 


\lloy No Vn Si P 
2 0.071 O44 0.15 0.030 
3 0 045 0 40 0.27 0.005 
7 0.08 0.35 0.36 0.030 
19 0 37 0 23 0 024 
08 0 20 0 51 0 021 
37 0 O68 0 20 0 46 0 O14 
14 0.041 0.48 0.39 0 020 


53 0 062 0 50 0 28 0017 
57 OSS 42 0 45 0 (21 
73 0.11 0 45 0 46 0 O20 
SI 027 


Table 2—Analyses of Alloys Discussed 


PS Vi ( il T ype 
0.43 12.50 0.15 105 
O08 0 31 12.23 0.26 105 
0.29 13.40 0 02 M410 
O15 0.33 12 71 0.03 110 
O15 0.32 12.87 0 17 105 
O12 0 28 13.14 0.17 105 
028 0.35 14.14 0 26 105 off 


12 ; 
0 46 0 02 M410 
O17 44 15 44 0 03 i) 
0 34 12 t4 0 02 110 
12.41 
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25, 20 welding rods. On some of these the depth of the 
welding groove and the rate of travel of the welding rod 
were varied. 


RESULTS OF FURNACE HEAT TREATMENTS 

In these alloys chromium, carbon and aluminum are 
the three most important elements in determining the 
mechanical and structural properties. For chromium 
and carbon this is evident from Fig. 1 in which are 
shown the effects of quenching temperatures on the 
Brinell hardness values of three typical alloys. The 
l- x l- x '/y- to */ye-in. test blocks were heated at the 
respective temperatures for 20 min. before quenching 
into water. Similarly, Fig. 2 shows the effects of vary- 
ing amounts of aluminum. 

The curves demonstrate clearly how carbon will in- 
crease the maximum (martensitic) hardness values, 
while aluminum will counteract its effects, tending to 
stabilize the ferrite. The maximum hardness, occur- 
ring at 1800-1900° F., corresponds to the maximum ex- 
tent of the gamma loop, Fig. 3, or, in other words, the 
maximum amount of austenite which, on cooling, trans- 
forms into martensite below S00-900° F. 

Above 1800° F. (delta) ferrite will form from aus- 
tenite, which will leave less austenite (or, after cooling, 


less martensite). Thus, hardness values will decrease. 


TYPE 410 MOO 
(0067 c) 


BRINELL HARONESS 


ALLOY Tree c MN si NI cr 
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Fig. lL) The effects of quenching temperature on hardness 
values of typical type 410 and 430 stainless irons 


2S-s Th le Isch 


Stainless Steels 


With the exception of the Type 410 stainless steels 
containing more than 0.087 carbon, the curves assume 
a minimum above 2200° F. after which they increase 


BRINELL HARONESS 


SS 


1500 1600 (700 1800 «1900 42000 200 2200 2300 2400 2500 


QUENCHING TEMPERATURE “F 

Fig. 2. Hardness values of a series of type 405-410 chro- 

mium irons quenched into water from elevated tempera- 
tures 


FERRITE 


FERRITE 


AUSTENITE 


TEMPERATURE — °F 


is 20 


CHROMIUM EQUIVALENT [CR+10(AL-0.02)+2.5Si] 
Fig. 3) The “gamma loop” as influenced by chromium, 


aluminum and silicon in stainless irons containing 0.05% 
carbon 
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Table 3—Effects of Annealing for 20 Hr. at 1350° F. on Modified Type 410 Alloy (No. 53) Quenched from Temperatures 
between 1500 and 2500° F. 


is-quenched Quenched and annealed 2U fh at 1350° 

Water Charpy 
quenched Hardness Tensile Elongation mpact, Hardness 
from, F Brinell trength, psi mn 2in jt -lb Brinell 

1500 82.600 

1600 3 137,100 

1700 3 169.200 

LSOO d 185,300 

1900 184,900 

2000 33 77,500 

2100 7 

2200 

2300 222 161,000 

2400 152,500 

2500 154,800 


boundary martens into sorbite ‘his also cannot 
be the reason for the embrittlement, as the greatest 
amount of martensite exists at around [SO00° | 

Scheil pointed out earlier that the ructure and 
mechanical properties resulting from certain heat 
treatments will depend upon the previous thermal his- 
tory (pretreatments) ol the steel Chis is most clearly 


apparent in hardness surveys 


BRINELL HARONESS 


In Fig. 2 were shown the Brinell hardness values ob- 


tained on a number of alloys which had been quenched 


1800 1600 1700 1800 1900 2000 2100 2200 2300 2400 2500 from temperatures between 1500 and 2500° I An- 


QUENCHING TEMPERATURE -— ‘F nealing these same quenched specimens for 20 hr. at 


Fig. 4 “Retained” hardness values of specimens shown 
in Fig. 2, but after annealing for 20 hr. at 1350° F. 


again Although the results are 
plotted only up to 2500° F., still 


higher hardness values can be ob 
tained when quenching the specimens 
from temperatures near the melting 
point of the allov; that is, above 
2700 The other mechanical 
properties also are affected adversely 
when the specimens are quenched 
from temperatures above 2200° I 
Examination of the macro- and 
microstructures reveals that the 
high-temperature embrittlement o¢ 
curs simultaneously with severe grain 


growth However, the large 


gram 


size alone is not responsible for the 


HARONESS 


adverse properties Unfortunately, 
this has not been realized by a 
number of authors. It becomes ap 


BRINELL 


parent when a series of specimens 
quenched from high temperatures is 
subsequently subjected to an anneal 
consisting of holding for 20 hr. at 
1350° F The normal mechanical 
properties of the stainless steels are 
almost completely recovered, as is 
shown uf Table 3. Obviously, the 
severe grain growth should decrease 


the properties somewhat Micro- 


scopically the only apparent change 


following the 1350° F. anneal con- DISTANCE FROM END OF SPECIMEN — MM 


sists of a softening of the grain Fig. 5 Brinell hardness numbers of series of induction-heated specimens 
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similar to the results plotted in Fig. 2 from the furnace 
heat-treatment quench tests. 

In the Type 410 stainless iron (No. 19), the hardness 
values of the water-quenched and air-cooled specimens 


were higher (“superhardness”) than those obtained on 
the same specimens heat treated in the furnace. This 
demonstrates the effect of time upon the homogeniza- 
tion of these alloys. Moreover, these tests show also the 


role played by the cooling rate. Thus, the slower rates 
due to the air cooling will allow some of the austenite 


to transform into ferrite, before the martensite trans- 


formation range is reached at temperatures about 

TYPE 405 ALLOY NO. 2 800-900° F. In addition, the quenching stresses will be 

less severe in the air-cooled than in the water-quenched 
specimens. 

Similarly, the Type 405 alloy (No. 37) showed higher 

hardness values on the quenched specimen in compari- 


son to its furnace heat-treated counterpart. The air- 


cooled section, due to its slower cooling rate, gives again 
TYPE 405 ALLOY NO.3 lower Brinell readings than the water-quenched speci- 
Fig.6 Hardness survey on three different welded stainless men. The minimum hardness values are less pro- 
nen eee nounced, This may be explained by the lack of homo- 
genization and the relatively steep temperature gradi- 
1350° F. reduced the hardness values to those plotted ent. 
in Fig. 4. The trend of the curves has not changed. One of the (405) specimens was heated to its melting 
On the other hand, the microstructure of the annealed point, giving a maximum hardness of about 345 Brinell. 
specimens consists now of ferrite and sorbite. This is in good agreement with extrapolations to 
2750° F. of the agen values obtained in the furnace 
RESULTS OF INDUCTION HEATING 
By varying the power input into the induction coil, 
In the furnace heat treatments about 2 to 3 min. were the rate of heating of the test specimens may be altered 
necessary to bring up to 2200 to 2500° F. the little test considerably. Some experiments were made indicating 
blocks measuring 1 x 1x '/, in. By induction heating a slight lowering in the hardness values. Unfortu- 
these same temperatures were reached in about 4 to nately, the number of such tests made was insufficient, 
9 sec. depending upon the power input into the induc- not allowing, therefore, the formulation of conclusions 
tion coil. It is evident that the induction heating tests in regard to heating rates. However, this testing ap- 
permit considerably better comparison than furnace proach, if developed, may give significant results rela- 
heat treatments do with results obtained in the welding tive to welding techniques, travel speed, depth of 


bof these specimens. deposit relative to section size, ete. 
; The results of significance are plotted in Fig. 5. 
Phe distance in millimeters was measured from the end RESULTS OF WELDING TESTS 

which was heated to maximum temperatures and onto 

which the controlling thermocouples had been spot As in the induction heating tests, the specimens on 
welded. Thus the distance may be correlated roughly which a narrow bead of 25 20 weld metal had been 
to temperatures. For the set of specimens heated to deposited showed somewhat higher hardness values in 
2500° F. a distance from the thermocouple wires of comparison to the results obtained from the furnace 
6 mm. corresponds to about 2200° F., 12 mm. to 2000° heat-treatment quenching tests. Again the degree of 
F., 18 mm. to 1800° F. and 24 mm. to 1600° F. It is “superhardness” is greater in alloys having higher car- 
apparent now that the trend exhibited by these curves is bon contents. 


> 


Type. Alley Ne. 35: Tyee, 05. Alley Ne. 2. C. Man. 0.44; Type as. Alloy Ne. 3. 0.045; Man. 0.40; 


0.36, Ni, 0.29, Cr, Si, 0.15; Ni, 0.43; Cr, 12.59; Al, Ni, Cr, 12.23; Al, 0.26 


Macrographs of weld specimens shown in Fig. 6. (M5 
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The results of hardness surveys on three different 
welded stainless irons are shown in Fig. 6. The com- 
positions of these alloys and macrographs of the weld 


sections are given in Fig. 7. The depth of the (mar 


Alloy No. 


Alley No. 2 


Alloy No. 3 


Kie.&8 Microsections of weld-metal interface of specimens 
shown in bigs. 6 and 7 (4 250) 


Marcu 1950 


tensite) heat-affected zone is indicated clearly and com- 
Photo- 
micrographs of the same alloys showing the weld 


pares well with the hardness reading in Fig. 6 
metal interface are reproduced in Fig. 8. From these it 
is again apparent that Alloy No. 3, having the highest 
aluminum content, experiences the greatest degree of 
grain growth. It should be realized that most welding 
processes using electrodes wider than if .-in. electrodes 
were used would produce a wider heat-affected zone 
No quantitative studies were conducted on welded 
sections in bend tests. However, surveying tests were 
made on Type 405 and some ‘Type 410 specimens by 
depositing different type beads varying from heavy 
Most of the 


specimens which had received a heavy single deposit 


single passes to thinner multiple passes 


seemed to fracture even with slight amounts of bending. 
On the other hand, the specimens which had been given 
several thin passes showed much improved bending 
properties Moreover, a fast rate of travel of the rod 
gave superior results compared to slower speeds. With 
luster rates not enough of the section may be heated to 
temperatures sufficiently high to cause the high-tem- 
perature embrittlement. By making several passes 
with the welding rod, a tempering effect, or even tem- 
peratures causing martensite formation, may be pro- 
duced in the welding zone. As it has been shown, even 
this martensite has properties superior to those of see- 
tions quenched from the high-temperature embrittle- 
ment range 

However, for best results weld sections should be 
annealed after welding. Only in this Way may the nor- 
mal ductile properties of the material be restored. This 
is especially true for clad assemblies between these 


chromium irons and the usual backing steel 


In these, 
some carbon is picked up in the bond zone of the stain- 
less iron increasing the seriousness of martensite forma- 
tion and high-temperature embrittlement Yet, if the 
problems associated with this embrittlement are under- 
stood, and if controlled welding procedures are em- 
ploved, annealing mav nsed With in appli itions 


not subjected to severe service stress 


CONCLUSIONS 


The causes of this high-temperature embrittlement 
are not vet quite clear. Embrittlement seems to ae- 
company severe grain growth ; ough a large grain 


size alone will not account for embrittlement As 


this severe grain growth cannot occur unless the aus- 


tenite and the carbides (also other possible compound 
particles) have been dissolved, its association to em- 
brittlement is apparent Phus tabilizers, 
the temperatt vo into 
seem to ine 


noted 7 


hat this 
yrades 
indica- 


tion the other mechanical ( ti ihe aeccept- 


tw. 
. 4 
( 
ag 
{ temperature at which embrittlement can be 
Further studies should clear this up 
4 OF greatest practi significance Is the fact 
: —eEeE type ol embrittlement doe in ir in the ter 
and that hardness values alone do not give 
Thielsch—Stainless Steel 


ance of welds, therefore, cannot be based on hardness 
values alone. 

Annealing between 1350 and 1450° F. will remove 
most of the effects of the high-temperature embrittle- 
ment. In part this may be accomplished by depositing 
multibeads. However, postannealing is far superior 
and should be employed wherever a restoration of the 
ductile properties of the steel is of major importance. 
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Strain Aging in Welding Structural 
Steel 


Discussion by R. E. Lorentz, Jr. 


In the present paper covering rimmed steel as in the 
one given here last year and which covered semikilled 
steel, the authors are to be congratulated for their 
In each 
of these papers the weld metal was the E6010 grade, 
which grade is widely used because of its excellent 


thorough analysis and comprehensive data. 


physical properties and its adaptability to out-of- 
position welding. 

Summarizing the results of these two papers, it 
would appear that any embrittling effect due to the 
psmall amounts of strain ordinarily encountered in 
; weldments combined with aging at room temperature 
at elevated temperatures encountered in service 

would be small. Although the transition temperature 
of strained rimmed steel is raised somewhat by aging, 
it is practically the same as that of the as-rolled and 
stress-relieved rimmed steel. The primary concern 
seems to be the transition temperature of rimmed 
Although 


the transition temperature of thermally stress-relieved 


steel being at room temperature and above. 


weld metal in rimmed steel is higher than the ther- 
mally stress-relieved weld in’ semikilled steel, the 
difference is again relatively small 

If transition temperatures were determined for the 
heat-affeeted zone of the base metal, it might be found 
that this area is a critical one. Strain-aging tests, 
especially if the base metal heat-affeeted zone is critical, 
might be worth while to make on steel welded by the 
one-pass or two-pass submerged are process. Since 


R. E. Metallurgist, Comt 
Chattanooga, Tenn 

Paper by W. H. Bruckner and 8. W. Sandberg published in Tar Weipine 
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this process is widely used and since this process re- 
sults in deposited weld metal with large columnar 
grains, such a study might prove interesting. Since 
this process as well as the other shielded arc processes 
gives good protection from the atmosphere during 
welding, the difference, if any, may be due only to the 
larger grain structure. 

A few minor points on which the writer would 
appreciate clarification are: 

1. Was a particular interpass temperature used in 
welding and if so, what? 

2. Why did straining significantly harden killed 
steel and weld metal deposited in killed steel (Figs. 
8 and 9, THe WetpinG JouRNAL, 27 (9), 441-s to 447-s 
(1948) and not harden rimmed steel and weld metal 
deposited in rimmed steel (Figs. 3 and 4, /bid., 28 (9) 
397-s to 404-s (1949)? 

3. For room temperature aging tests, were special 
techniques used for keeping specimens below room 
temperature during preparation? 

4. Were tension tests in the blue heat region made 
for the weld metal, the rimmed steel and the semi- 
killed steel, and, if so, did they indicate a difference 
between the rimmed steel and the killed materials? 

There seems to be more or less general opinion that 
nitrogen in the metal leads to aging. A few analyses 
for nitrogen made by the writer’s company of E6010 
deposited metal showed less than 0.01%; nitrogen. 
Several analyses of £6020 and E7020 deposited metals 
showed a minimum of 0.011; nitrogen and a maximum 
of 0.072°% nitrogen with an average of 0.029°7 nitrogen 
All of these grades 
of deposited metal have a carbon analysis of 0.07 to 
0.12°% and a silicon analysis of 0.08 to . 


(average of 18 determinations). 


The authors in these two papers have given data 
which throw considerable light on questions many 
persons have been wondering about for some years. 
Authoritative data as given here is much appreciated 
by those interested in the multitudinous technical 
aspects of welding. 


1) Tae Journat 27 (9), Research Suppl. 441-s to 447-5 
1948) 
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Discussion by Wells E. Ellis 


In my opinion the most significant part of this study 
of strain aging was the tact that the authors chose a 
rimmed steel of well-known susceptibility to strain 
aging and still the weld metal was not embrittled by 
cold work in excess of 8* / 

The authors state that, “quench aging may have been 
responsible” for the increase in hardness shown by the 
mechanically stress-relieved specimens In big 5 
Quench aging and strain aging are additive with 
The plates G and H 


of Fig. 5 exhibited a continuous increase in hardness 


respect to increasing hardness 


with time at room temperature, in spite of the decrease 
in hardness shown by the as-welded specimen. This 
would suggest that the increase in hardness due to 
strain aging has more than compensated for the de- 
creasing hardness alter quench uging Data have 
been reported which showed that the rise in hardness 
caused by strain aging was still increasing after aging 
one vear at room temperature 

The results of this pape) together with the previous 
paper by Bruckner and Ellis! have indicated that 
fine-grained, recrystallized E6010 weld metal was in- 
sensitive to strain aging regardless of whether the plate 
material showed strain aging. The more complex 
portion ot the welded jJomnt, the heat-affected zone, 
remains to be investigated. The point IT would like to 
emphasize is that of prior microstructure. The work 
of Enlund? in Sweden places the following micro 
structures in order of increasing susceptibility to 


strain aging: l quenched and tempered, 2) nor- 


malized and (3) furnace cooled. Thus a single pass 
weld of E6010 type, for example, would be expected 
to be more susceptible to strain aging than a fully re- 
fined multiple pass weld 

The authors are to be congratulated for their thor- 


ough study of strain aging as affecting weldability 


References 
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The investigation represented by the two A.W.S 
papers bearing the same title was mainly concerned 
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with the strain aging of the weld metal rather than the 
welded joint It was necessarv to investigate the 
behavior of the parent metal to determine control 
values and to discover how much of the strain-aging 
sensitivity of the base metal had been carried over into 
the weld metal Both Lorentz and Ellis and others 
during oral discussion of our paper pointed to the 
heat-affected base metal as possibly the most critical 
portion of the weld joint from the standpoint ol sensi- 
tivity to strain aging The authors agree with the 
discussors regarding the possible greater sensitivity of 
on heat-affected base metal and thev also share their 
hope that research on this phase of the problem will 
soon be under way. The authors believe their own 
contribution showing that little strain-aging sensitivity 
is ascribable to the recrystallized weld metal when 


coupled with the work done by A. A. Flanigan, who 


shows a high sensitivity to strain aging in the columnar 
| 


weld metal gives a good, over-all view of what to 
expect of the weld-deposited metal. A study of the 
heat-affected base metal would complement the 
above studies and would complete the study of the 
welded joint 

In regard to specific questions raised by Mr. Lorentg 
it can be noted that interpass temperature Was approxis 
mately 130° F. since the plate was allowed to cool 
almost to room temperature before the next run of 
weld metal was placed The question regarding the 
different strain-hardening characteristics of the semis 
killed and the rimmed steel points to an interesting 
problem on which there s insufficient data at present 
to provide a clear answet It ippears that all hardness 
tests ol plasticalls deformed metals may be in error 
since the residual elastic i the region of the 
hardness indent may be additive or of opposite 
sign in relation to. the iusing the hardness 
indentation. We were mainly concerned with a change 
in the base hardness after straining as an indication of 
aging 

The only specimens which were stored in a refrigera- 
tor at lower than room temperature were those which 
were artificially aged at temperature above the room 
For these specimens it Was noted that aging took place 
almost as rapidly as for those which were aged at room 
temperature alter straining No tension tests were 
made in the blue heat region 

We appreciate the interest which was manifested in 
the subject of strain aging by the written and oral 
discussion when the papel Vis presented We wish 
to thank those who discussed the paper for their 
interest and their efforts in adding to the existing 


information 
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Seam Welding Monel Metal to Steel 


® Seam welding of Monel to steel requires a braze type of weld with 
Optimum welding conditions are indicated 


fusion only in the Monel. 


by Ernest F. Nippes, Allan 
R. Pfluger and Gerald M. 
Slaughter 


Abstract 


A study was made of the resistance seam 
welding of Monel to low-earbon steel in 
the 0.062-in. gage. It was found that for 
the weld times investigated fusion of both 
the Monel and steel resulted in a hetero- 
geneous weld nugget and led to porosity 
und eracking in the weld zone. To avoid 
the above porosity and cracking, seam 
welds of Monel to steel were made with 
fusion occurring only in the Monel. The 
optimum conditions for producing these 

braze’’ type welds were established. The 

strengths of welds made by this method 
exceeded those of seam welds of steel to 
steel. The pillow test was found to be a 
valuable aid in determining the strength 
and pressure-tightness of seam welds 


INTRODUCTION 


welding of dissimilar metals 
brings up many problems which are 
hot encountered in welding two 
identical metals. These difficulties may 
arise from differences in’ physical prop- 
' erties such as lattice struetures, melting 
points, thermal conductivities, electrical 
resistivities, thermal expansion charac- 
teristics and specific heats. Of possibly 
even greater importance are the diffi- 


culties stemming from differences in 


metallurgical characteristics Alloving, 
with the formation of solid solutions or 
intermetallic compounds, may materially 
affect the properties of the welded bond 

Phe joining of dissimilar metals may be 
whieved by various welding methods such 
as fusion welding, brazing, soldering ot 
electric resistance welding. In the present 
investigation, only the resistance welding 
method was studied 

In a Review of the Literature on the 
Welding of Dissimilar Metals! the follow- 
ing condition were found mnecessar m 
erder to obtain tistnetory resistance- 


welded joint two dissimilar 
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1. Avoid the formation of intermetallic 
compounds which are as a rule brittle and 
produce cracks in the joint. This con- 
dition is equivalent to reducing as much as 
possible the amount of mutual alloying 
Several means of achieving this aim which 
tend to limit the rate and degree of dif- 


fusion are: 


(a) Reducing the time and extent of 
preheating to a minimum (ex- 
ample, condenser discharge weld- 
ing, pulsating welding). 

(6) Avoiding the formation of a molten 
slug either entirely or at least in 
one of the two metals 

(c) Interposition of a third metal 

(¢) In pressure resistance welding (or 
flash welding) by extruding all of 
the brittle 
pound by merely pushing up the 


intermetallic com- 


weld. 


2. Reduce the magnitude and or the 
rate of thermal and residual stresses pro- 
duced by the dissimilarity of thermal 
coefficients. This is accomplished either 
by selecting proper chemical composition 
of both dissimilar metals or better by con- 
trolling the rate of heating and cooling 

3. Compensate for difference in the 
thermal conductivity, melting point and 
electrical resistance. This may be 
achieved by using different tip areas 
and sh pes of electrodes on both sides of 
spot- or seam-welded sheets; or in the 
case of resistance butt welding by clamp- 
ing the two dissimilar metals at unequal 
distances from the joint 

Corrosion resistance is another factor 
which must be taken into consideration 
when welded joints of dissimilar metals 
are placed in service under conditions in 
which they will be exposed to corrosion 

There are many industrial applications 
in which it would be desirable to join 
Morel and mild steel into a fabrieated 
irticle or structure which would possess 
the high corrosion resistance, stre ngth und 
hardness of the Monel and the economy 
and gene service characteristies of the 
mild steel. These two metals have been 
successfully joined by the various fusion- 
welding methods, but very little informa- 
tion is available on the resistance-welding 
methods of joining these metals This 
Investigation Was undertaken for the 
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purpose of obtaining the conditions neces- 
sary for the satisfactory seam welding of 
these two dissimilar metals. The 0.062- 
in. sheet thickness was chosen as ty pu al of 
many applications, but the same general 
conditions should hold true seam 


welding other gages 


MATERIAL 


The 0.062-in. Monel used in this in- 
vestigation was cold rolled and annealed 
The 0.062-in. steel was a low-carbon, 
S.A.E. 1015 steel, hot rolled. The average 
mechanical properties physical con- 
stants of these materials are gis in 


Table 1. 


Material Surface Treatment 


Monel 0.062-in 


received, possessed an excellent surface 


Monel str Ip, as- 


finish with no visible surface oxid All 
Mone! was degreased prior to welding by 
one of the following methods 1) im- 
mersion mn boiling trisodium phosphate 
solution; (2 placing polychlorethyl- 
ene vapor-degreaser 3 swabbing with 
carbon tetrachloride 

Surface contact resistance meassure- 
ments were made with a NKelvin-Double- 
Bridge circuit described in a previous re- 
port from this laboratory The measure- 
ments on Monel sheet after degreasing 
showed values ranging from 900 to over 
1100) microhms As variations in weld 
strengths often result from high values of 
surface-contact resistance, it was thought 
advisable to pickle the Monel to reduce 
this resistance to a low value A 50% 
nitric acid solution was used 
pickling, which lowered the surface-cé 
tuet resistance to a range of 35-60) mi- 
erohms Surface contact resistances of 
this magnitude were ound extremely 
favorable, from the welding standpoint 

Slee The S.A] 1O1S 
ceived had bee ncommerciill 
covered with a coating of 
prevent rusting during stora 
degre i carbon 
the material was flash pir 
hvdroebloric acid solution 


t resist 


tude of the surface contac 
this pickling lav in the range 0-60 


microhms and proved to be entirely 


satisfactory 
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Fig. 1 
sultant stirring action. 18 
subsequent Figs.) 


EQUIPMENT 


\ 175-kva leral we der 


press type was emploved in this invest 
tion 

The welding wheels were of an R.W.- 
M.A. Class 2 electrode material and had a 
nominal diameter of in They were 
driven by a variable speed Reeves drive 
The welding 


phase 


current Was regulated 


means of control of the ig 


tubes in series with the primar 


welder transformer rhe timing « 
synchronous elec 
current was 
oscillographicall 
150-kva X-ray unit was used to 
radiograph the welds and a highly sensi 
tive, fine-grained film served as the 
eording medium 
The hy 


draulic system used to test the 
hand- 
operated pump with a maximum capacit 


of 3000 psi. to suppl 


pillow specimens ¢ msisted of a 


the necessary pres 


sure, and a hydraulic gage to measure 


the pressure. The fluid used was water to 


which about 5% of a soluble oil had been 


added 


PROCEDURE 


At the outset, an attempt was made te 
make welds by melting both metals. An 
example of a typical weld made by this 
method is shov in Fig. 1, in which 
severe mixing and alloving of the two 
metals is evident. Monel, having a lower 
melting point than the steel, is the first to 
fuse and form a molten nugget As the 
melting point of the steel is approached, 
the Monel tends to penetrate between the 
low melting grain boundaries of the steel 
as shown in Fig. :‘ { pon reaching the 
melting point of the steel the electro- 
magnetic forces of the welding current act 
maductor nd 


Phis ma 


on the molten liquid 
reate a violent stirring action 
be seen in Fig. 1. This 

been deseribed by 

welding Cor-Ten 

steel) to 1S-S 


made by melt 


Marcu 1950 


Seam Weld showing fusion in both metals with re- 
(Monel on top in this and 


tory. As a result 
spot-welding pro- 
cedure for making ls without mixing 
by only fusing the stainless steel 
Radiography of welds made melting 
both the Monel 


MININZ AS Seen 


Severe 
considerable 


porosi and erne In some extreme 


showed large 


eracks penetra surface of the 


Monel in the 


porosity and 


This excessive 
wking should be avoided 
t pressure high-strength seam 

of good ane is to be pro 
duced In vie of the above difficulties 
sssociated with mixing, it was decided to 


possibilities making 


usion occurring only in 


the amount o 
lepends primarily 
the ple 
which con 
the contact resistance 
between the two sheets to be welded, the 
resistance of the sheets themselves and the 
resistance between the eleetrodes and the 
vork. Inthe welding of similar metals the 
ontact resistance between the two sheets 
is usually the greatest and therefore the 
greatest heating occurs at the sheet-to+ 
sheet interface. In the welding of dissimi- 


lar metals, however, the maximum re- 


sistance mua\ t at the sheet-to- 


sheet imterfa but mav actually be 


located within one metals due to a 
high specific resistanc Another factor 
which must be taken i consideration js 
the thermal conductivity of the two 
metals. The metal with the higher ther- 
mal conductivity will tend to be cooler 
due to the 


more rapidly As there is a definite re- 


being conducted away 
lationship between the electrical and 
thermal conductivity of alloys, wherein a 
metal with th specific resistance will 
have a low thermal conductivity, it is en 


tirely possible { greatest amount of 


ited within one of 


the Monel has 


Vippes, el al 


Fig.2 SeamW eld showing penetration of Monel into steel. 
18 


lable l—Average Mechanical Proper- 
ties and Physical Constants of Monel 


and Low-Carbon Steel 


35,000 15,000 


75,000 69,000 
30 
70-2400 2,760 


0.107 
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lectrical resistivity and a lower 
onductivit than the steel, 
Therefore, the greatest amount of heat 
should be generated within the Monel. 
ic lower melting 
possible to have 

in the Monel 
With the feasibility of fusing only the 


point it she uld be 


melting occur only 


Monel established was then necessary 
ne the welding conditions for 
obtaining sound high-strength welds. The 


remainder of the investigation was pri- 


marily concerned with the determination 
of the optimum values of the seam welding 
variables: weld On time, electrode foree, 
weld Off time 


current 


weld spacing and welding 


Determination of Weld On Time and 
Electrode Force 


establish the op- 
seam weld- 

to employ 

void seve ral 

the seam- 
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heat may be concn Before attempting to est 
action has the two metal timum welding conditions “ie 
» found u A comparison of the electrical and ng, it was thought desir 
high-tensi! thermal propertt f Monel and low pot welding and thereb z 
that weld irboen steel is shown in Table 1, It ma extra riables inherent 5 
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Figure 3 


determination of weld On time a series of 
single-spot lap welds of Monel to steel 
were made and tested in tensile-shear 
One-inch wide Monel and steel strips were 
spot welded using the seam-welding elec- 
trodes. All specimens were radiographed 
io determine presence of porosity, crack- 
Mixing of Monel into 
the steel was determined by 


ing and expulsion. 
metallo- 
graphic sectioning. 

From previous experience it was known 
that reasonably satisfactory welds could 


Fig. 4 Two-eyele spot weld showing slight fusion in 


Monel. 18> 


Fig. 6 Four-cycle spot weld showing mixing and some 


porosity, 18» 


13t-s 


be made with an electrode force of 2000 
Ib. Using this value of electrode force, 
three specimens were made at each of a 
number of welding currents for values of 
weld time of 2, 3, 4 and 5 cycles. 

It was found that welds made at cur- 
rents below the point where “spitting” or 
slight expulsion of metal occurs tended to 
fail in brittle shear. Welds made at cur- 
rents above the expulsion point tended to 
fail in a ductile tear in the heat-affected 


zone of the steel These results showed 


Fig. 5 


Fig. 7 Five-cycle 
ing. 18%. 
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strikingly that high-strength welds of 
Monel to steel could be made only with the 
high values of welding current obtained 
above the expulsion point. Consequently, 
these higher values of welding current 
were used in the following portions of the 
investigation. 

The results of the tensile-shear tests 
were plotted as shear strength vs. welding 
current. 
mum strengths for all the weld times in- 


As is shown in Fig. 3, the maxi- 


vestigated were approximately the same 

For the 2-cycle welds, only a relatively 
small current range was investigated, since 
the current necessary to adequately fuse 
the Monel was greater than the capacity 
of the seam-welding machine \ spot 
weld made with 2 cycles weld time is 
shown in Fig. 4, in which it is apparent 
that sufficient current was not available 
With the 
3-cycle welds it was possible to investigate 
A 3-cvele weld is 
shown in Fig. 5 where fusion of the Monel 


to adequately fuse the Monel 
a wider current range 
is more complete with greater resultant 


penetration. Slight 
tected in both the 2- and 3-cevcle welds at 


porosity was de- 


high-current values, whereas at low- 
current values welds tended to fail in 
brittle shear. 

The welds made with 4 and 5 eveles 
weld time were characterized by mixing, 
bad porosity and cracking as may be seen 
In Fig. 6, at 4 eveles, 


apparent and 


in Figs. 6 and 7. 
mixing is readily some 
porosity may also be seen. In Fig. 7, at 


5 eveles, mixing and alloving are more 


Three-cycle spot weld showing greater fusion in 


Monel. 18 


spot weld showing more complete mix- 
{ large void and cracks may also be seen 
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Figure 8 


complete \ large void is visible in the strength appeared to be noticeably higher 


center and cracks may be seen throughout than that obtained with 3-evecle welds at 


the weld nugget forces Porosity 


Thus, the possibility of the lower electrode 
using the longer weld times of 4 and 5 oceurred within this current range but 
did not become severe except in the upper 
Metallo- 


licated that the 


eveles w eliminated. But the question 


of whether to use 2 or ¢ cles weld time limits where began 


further 1 graphic 
penetrat 1 the onel was in the ordet 

ot the above 
weld time we ! with electrode forces ngl \ 1 tigation, the opti- 
of 1600, 29 id 2400 Ib. and = their mum el time of 3 eveles and the 
f 2400 Ib. were 


strength ! 
Figs. 8 and 9 With the 2-evcele wel tublishes 
time, a wide current range 


160-lb. electrode 


irrent curves ure shown i 


eXist it 


Determination of Weld Off Time 
high-strength welds were made, but 

severe porosi ¢ higher valu 

electrode force, current range was too force « min the xt step 

narrow, and there wa ‘ nite tenden¢ determination of weld Off time Since 
had indicated that a 


ld Off tin rreater duration than the 


for the wek lin brittle shear revious experience 


With the 3-evele welds, severe porosit 


was iin present in the welds made with time was desirable in seam 


1600-lb. electrode force With 2000-Ib lding Monel, series of seam welds were 
electrode foree, porosity ocet in the mince t timir es of 3 on—6 off, 
12 off All welds 


was limited The best shear-strengt were idiographed a » each 


high-strength welds and the 


current is found tor om t series re pore et graphic 
use ofl weld time 

\ wide welding 

vhich high-strengt 


! the maximun 


° 


1600 LBS 
‘ 


(LB8S.) 


2400 LBS 


~ 


° 


8 


4.2000 LBS ‘ e 


SHEAR STRENGTH 


SHEAR STRENGTH - CURRENT 
CHARACTERISTIC CURVES 
FOR SINGLE SPOT WELDS 
3 CYCLES WELD TIME 
—O— 1600 LBS. ELECTRODE FORCE 
—@— 2000 LBS. ELECTRODE FORCE 
—@— 2400 LBS. FORCE 


30 32 34 36 
WELDING CURRENT (KILOAMPERES) 
Figure 9 


Marcu 1950 \ ippes, et al Seam Welding Vonel 


cracking Wa irrent welds 
made with the 3 on Oo ning le, it 

greater 
than 6 cy ivoid this 
defect result of th bove Investiga- 
tion the 3 on om timung vele was 
chosen as t from the 
tandpoint porosity 
Cirea eld t while possibly 
giving slightly | porosit were not 
xtremely low 
welding light sacrifice in 
porosit\ Off time cles were 
found satis further de- 


crease Was not 


Determination of Weld Spacing and 
Welding Current 


As seam welding is characterized by a 
series of overlapping spot welds, one of the 
most important variables is weld spacing. 
If a pressure-tight seam is desired, it is 
obvious that the number of spots per 
inch of weld seam must be sufficient to pre- 
vent leakage between weld nuggets. It¢ 
was found t t welds ¢ ot necessarily 

pressure-tight- 

able 
optimum cone 
first necese- 
t to deter- 
tightness of 
onventional 
valuating the 
ipplicable in 
in indica- 
of the seam 
possible tor @ 
rth in this 
ness be- 
lap. The 
licable be- 
equal 


speci 


One 
to seam 

in the 
i 
wle and 
teel and 
ther and 
roers to 


were then 


pecimens 
) 
values of 
mens 
ribed 

tic pres- 
rupture 
it which 


137-8 


| ° 
2400 é 
i 
1600 
+ 
a 
; cross eld ure 
men to specime! 
, The pillow test was decided upon be- a 
CAUSE the ext approaches 
eam-welded 
nt hich wi the f 
ul j \ strength and the the 
- could be mad r- crease as the ff time increase 
\ led I} test specimen, 
howr Fig. 10 tructed from 
led to the s} Ihe 
Mo heets were placed tog 
] | made el to the four specimen edges 
= 20 as t we a 4- x 4-in. aren 
| | | vere mace t weld spa gs « 
t ind 7 is per inch at rou 
aa 26 28 hydrauli stem and the hydr« 
sure gradu increased un 
occurred Phe pressu in psi 


ORILL HOLE WN STEEL 
PLATE AND ARC-WELD 
STD. PIPE NIPPLE 

CENTRALLY OVER HOLE 


062" STEEL 
062" MONE 
SECTION AA om. 


Fig. 10 Details of pillow-test specimen 


the pillows ruptured were recorded along 


with the seam in which the fracture 
occurred and the location of the fracture 
in the seam, Curves of rupture strength 
vs. welding current were plotted and are 
shown in Fig. 11. 

maximum 


weld 


Approximately the same 


strengths were reached with all 


spacings tested. With a greater number 
of welds per inch it was found that the 
same rupture strength occurred at higher 
This is due to an in- 
welding 
than 


current values 
short-cireuiting of the 


Weld 


7 ‘ welds per inch were not included in 


creased 
current spacings of more 
this portion of the investigation beeaxuse 
pressure tightness could be achieved with 
Further- 


a weld overlap increased 


as low as 5 welds per inch 


more, too great 
the tendeney toward mixing 

Since the object of this portion of the 
investigation was to determine the weld 
spacing Which would give the widest range 
of welding current in which high-strength 
sound welds could he made, the three 
curves were compared on this basis. The 
lower limit of the 


eurrent range is) set 


by shear failure through the weld zone ; 


Longitudinal secti« 
inch, showing no overlap. 


Fig. 12 


of seam weld—>5 /. welds per 


Vippe sel al 


RUPTURE STRENGTH (PS!) 


RUPTURE STRENGTH IN PILLOW TEST 


Vv 
WELDING CURRENT 


WELDS PER INCH 
@- 6% WELOS PER INCH 
~@-7'% WELOS PER INCH 


24 


26 28 30 


WELDING CURRENT (KILOAMPERES) 
Figure Il 


low-rupture pressures. The upper limit 
is governed by two factors, the beginning 
of mixing and severe porosity, and the 
decrease in strength at the high-current 
end of the strength-current curve. 

The current range was narrow in the 
ease of welds made with a spacing of 5 
spots per inch, and metallographic section- 
ing showed that the welds did not quite 
Both the 6%, and 7'/, weld 


spacings had a considerably wider current 


touch, 


range, and the welds overlapped about 
10-20%. 


made at spacings of 5 


Photomacrographs of — welds 
and 7'/4 welds per 
12 and 13, from 
which the better penetration and overlap 


of the 7 


inch are shown in Figs 


welds per inch spacing is readily 


apparent From the above results an 
optimum weld spacing of 7 welds per inch 
was chosen 

The welding current range necessary to 
produce these high-strength pressure- 
tight welds was found to lie between 24,000 
and 27,000 amp 


failed in shear and, 


Below this range, welds 


above it, contained 


with a resultant 


These 


welding current are only given as a guide, 


mixing and porosity 


decrease strength values of 


since the magnitude of current necessary 
for resistance welding is largely dependent 
upon the individual welding machine 
Therefore, the current range for a given 
application should be determined and the 
optimum welding current chosen within 


this range. 


DISCUSSION 


In previous work on the seam welding of 
Monel to low-carbon steel it had been 
reported that severe cracking oc urred in 
the joint. This is undoubtedly due t« 
mixing and alloving of the two metals as a 
result of a long weld On time. Sex#m weld- 
ing differs from spot welding in that the 
electrode torce does not remain constant 
1 nugget 
of the weld 


nugget is formed and then the elect: 


during the formation of the wel 
When usit.¢ long On times part 
odes 
reasing the 


roll away de 


pressure 


Fig. 13° Longitudinal section of seam weld—7'/, weld per 


18 inch, showing good overlap. 18 
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Fig. 14 Photograph of pillow, tested as-welded Fig. 15 Photograph of pillows, sheared before testing. Two pillows 
are shown, one which failed at high pressure and another which 


failed at lower pressure 


When welding a dissimilar metal combina- was found that a great reduction in poros- iph appear as dark 


tion such as Monel and steel, where there 


itv and much bet rface appearance « omparison pur- 

be alloving and the formation the welds were by using a rint udiograph exhibiting 
brittle intermetallic compounds it is radius dome K nini ! orosit i hown in Fig 
essential that the proper forging pressure It was noted t} 


n of the over the 
us may be 


maintained during the format first 
nugget to avoid ers ng. There are twe late mperat 
igg cracking Phere are pe The first 
this aim The best 
of the 
od is the use in intermittent dri 
er in the 
in which the wheels travel a fraction of an 
iriations in 
ine! stop, make a spot and advance a fal 
rie sult of the ridges 
fraction of an inch into position to make viously forme elds in the ‘ . 
ren t m-welding process, 
the next overlapping sport owever enting when 
this method involves the use of compli ms, several 
ot th The positions in 
eated gearing arrangements in the wheel were passed 
n Conk condition, 


wheels bog 
effect which i t ‘ wou result 


it-flow 


drive mechanism {is rather slow The in 
other method is to reduce the { of weld 


On time to Off time and \ at a some- 
what slower wheel snd 
into 

effectively 


low-inertia tv pe 
also be of ad 
lensity 


idequats forging pressure 
ed b fused 

n . nel resi in th llow ts. the rem ler of t } | | in kel, 1s 
th stirre nt ‘ t e 


where the pillo . — 
t voltage u i, 


only 1 
interatomic nterince re ¢ 
ontribute t t yt rat f ilk vel ‘ ul iron are 


wption 


Fig. 16 (a) Print from a radiograph showing mixing hig. 16 (0b) Print from a radiograph showing a sound weld 


Monel 130-8 


Maren 1950 


iJ 
“tad 
4 
| 
obtained trom 4 Mparison oO he ruptur sheared big. 1D y | is | 
pressures im of pillow tests of \ interesting thor wide? present in th ‘ 
welds of Monel to Mor steel to luring the cou nat ‘ this area 
ind Monel to st vhich failed at approxi- graphs ho ing Thus Monel was 
‘4 mate values of LO00, 1250. and 1300 p mgitucdinal me graph ection. Light | greats bsorption re 
respectively Thu it can be seen that mottied re the \ ila ight 
this t ot bond t le is strong graphs ‘ t} ru ild how } liograpl The 
At the outset of the estigation An example of tl ng is st he use hoy for the 
-in. Wheels 10in. in diameter beveled Fig. 16 (a), a f a radiograpl It dete he extent of 
; face width of t vere used Later hould be ! mind, however, that miing ip veld of ) tals having 5 


widely different X-ray absorption coeffi- 
cients. 


CONCLUSIONS 


As a result of this investigation it may 
be concluded that: 

(1) For the weld times investigated, 
fusion of both the Monel and steel in the 
resistance-welding process results in a 
heterogencous mass of weld metal and 
may lead to porosity and cracking in the 
weld zone 

(2) To avoid the above porosity and 
cracking, seam welds of Monel to steel 


(c) Electrode foree—2400 Ib. 

(d) Weld spacing—7 welds per inch 

(e) Weld speed—-34 in. per minute 

(f) Welding current—24,000 to 27,000 
amp. 


(3) To insure the best welding consist- 
ency, it is important to carefully clean and 
pickle both the Monel and steel prior to 
welding. 

(4) The pillow test is a valuable aid in 
determining the strength and pressure- 
tightness of seam welds. 

(5) A minimum of porosity and much 
better surface appearance result from the 
use of an electrode having a 6-in. radius 
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Stress Corrosion Cracking of Mild Stee 


9 4 progress report in the investigations of stress corrosion 
cracking of mild steel wires covering effects of heat treatments 


and concentration 


by Daniel Cubicciotti and William Boyer 


SUMMARY 


STUDY of the stress corrosion cracking of mild 

steel wires has been made in which the influence of 
[ temperature and gaseous atmosphere during heat 

treatment of wires Was studied as a function of the 
time required to break the wires, and the effect. of 
Variation in the concentration and composition of the 
corroding liquid on the time required to break the wires 
Was investigated 


INTRODUCTION 


In the field of corrosion, one of the most striking 
phenomena is the stress corrosion cracking of metals. 
The mechanism by which deep cracks are formed in a 
piece of metal that is otherwise little attacked by the 
corroding liquid is very interesting. The present study 
was undertaken to discover some of the characteristics 
of this type of corrosion in mild steel. 


Daniel Cubicciotti and William Boyer are with the Department of Chemistry 
Illinois Institute of Technology, Chicago, Il 
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and composition of corroding liquid 


The stress corrosion of mild steels has been reported 
in the literature under various names for many vears; 
however, not many controlled quantitative experiments 
have been described. In fact, one author has remarked 
that a large part of the literature in the field consists 
of reviews rather than new experimental data.® It 
has been established, however, that the stress corrosion 
cracking of mild steels occurs intergranularly' (also 
reference 8, p. 3) and several solutions can cause the 
phenomena.’ In addition, heat treatment of the steel 
in certain gas atmospheres appeared to alter its stress- 
corrosion characteristies.2 (Also reference 8, p. 59 

It was the purpose of the present work to gather 
quantitative data on the effect on the stress corrosion 
of mild steels of such variables as the heat treatment 
of the metal or the concentration and composition of the 
corroding liquid. 
hensive study, it is the opinion of the authors that some 


Although the work is not a compre- 


interesting facts have been brought to light. 


EXPERIMENTAL METHOD 


In order to subject a sample of steel under known 


Stress Corrosion Cracking WeLDING RESEARCH SUPPLEMENT 


P 
appl, 65-8 
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Load Weight 
ye 


/ Micro Switch 


| A 


stress to the action of a corroding fluid, the apparatus 
shown in Fig. 1 was used \ steel wire was clamped at 
either end and stressed with a lever and weight system. 
The clamps were short pieces of rod with small holes 
through the center for the wire and setscrews to grip 
the wire. One end of the wire was connected to the 
lever by means of a flexible steel cable and pulley 
Surrounding the wire was a double-walled glass jacket 
the inner tube of which kept the corroding fluid in con- 
tact with the wire, while the outer tube of the glass 
jacket was used to maintain the liquid and wire at 
constant temperature. For the 100° C. runs steam 
was passed through this outer tube, and for the &7 
and 111° C. runs trichloroethvlene and toluene, respec- 
tively, were refluxed inside the outer jacket The two 
ends of the inner glass tube were closed by one-RKoled 
rubber stoppers, the wire passing through the hole, and 
the holes in the stoppers were packed with paraffined 
string wound around the wire 

In a typical run, the wire sample was threaded 
through the rubber stoppers in the glass jacket and 
clamped at either end to the turnbuckles Then, with 
the weight at the proper position on the lever arm, the 
turnbuckles were tightened until the lever was hori 
zontal and clear of the end rests. Paraffined string was 
wrapped around the ends of the wire and foreed into 
the holes in the rubber st yppers The jacket and wir 
were brought to the desired temperature by heating the 
outer part of the jacket with steam or boiling liquid, 
and the inner tube of the jacket was filled completely 
with the corroding liquid at the proper temperature 
When the wire finally broke, the 


long arm of the lever fell on a microswitch and stopped 


and a timer started 


the timer, thus recording the time required to break the 
specimen At the end of the run the wire was examined 
for stress corrosion cracks and general corrosion 

The steel samples used nN the experiment were all 
from the same batch of mild-steel wire, 0.041 in. in diam- 


eter, with analysis as follows: 


( 0.060 
Mn 0 360 
P 0.010 
0.026 
Si 0 005 
0 022 
N (total 0 003 


Grain size measurements on several wires after heat 
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Fig. 1 Apparatus for stress corrosion testing 


treatment were made by polishing a transverse section 
under 100 


diameters magnification and comparing them with stand- 


of the wire, etching with 10°) nital, observing 


ard pictures. In addition, on some wires a vield point 
was measured, which was taken to be the stress at which 
the wire stretched plastically 

During the course of the work it was found necessary 
to heat treat the wire samples as follows Several wires 
were packed tightly into a Vycor glass tube, and the 
tube placed in an electric furnace already at tempera- 
ture The furnace was maintained at the required 
temperature =10° for the desired length of time and 


then allowed to cool, the wires « ooling th the turnace. 
If some gaseous atmosphere othe than ir Was required 
in the heat treatment, the Vveor tube containing the 


samples Was quickly evacuated after being placed in the 


furnace, and the proper gas introduced at one atmos- 
phere pressure. The heat-treated wires were subjected 
to stress-corrosion testing thout subsequent treat- 
ment The gases used were of commercial purity and 


chemicals used were all chemically pure 


EXPERIMENTAL RESULTS 


At the outset of this work many unsuccessful at- 
tempts were made to observe stress corrosion on un- 
innealed wires, using concentrated calcium nitrate 
ammonium nitrate solutions at 100 \fter several 
hundred minutes’ ¢ \posure under stresses close to the 
tensile strength, only general corrosion observed 
ind rupture of the wire was aecompanied by “necking” 
it the break 


Smialowski? reported stress corrosion failure in short 


periods of time of iron wires under attack by hot 
immonium nitrate solutions. However, he mentioned 
heating the wires momentarily with a burnet When 
several wires were heat treated in a furnace and tested 
by the present authors, the wires broke under stress 
corrosion in short periods of time. Therefore the heat 


treatment Was apparently required in order for the 
wires to stress corrode 

The results of tests made under different conditions 
are given below. In each run reported as stress cor- 
rosion failure, the sample showed one or more of the 
characteristics of that type of corrosion, namely: 
sharp breaks with little or no “‘necking,” transverse 
cracks in the wire other than at the rupture and absence 


of pitting or general corrosion 


: 
4 
1 


Influence of Heat Treatment 


The effect of the temperature of heat treatment of the 
wires was thoroughly investigated, using an atmosphere 
of air, and a few heat treatments were made at different 
temperatures using other gaseous atmospheres. Tests 
of these heat-treated specimens were made under con- 
ditions of constant stress and constant solution, and the 
results of these experiments are given in Table 1. 

In Table 1 each group of runs averaged corresponds 
to one batch of heat-treated wires; therefore, the dif- 
ferences in breaking time among runs in a group are 
caused by errors in the method and not by differences in 
heat treatment. These differences in breaking times 
are usually not very large. 

It may be seen from Table 1 that some heat treat- 
ment of the wire is required to give rise to stress corro- 
sion; that is, an untreated wire (runs 87 and 93) broke 
not from stress corrosion but from reduction of the 
diameter of the wire by general corrosion. Further- 
more, it is apparent that heat treatment must be more 


Table 1—Time Required to Break Samples After Various 
Heat Treatments 


Conditions: 50 wt % NHYNO, at 100°C., 49,100 psi. stress 
Anne aling Bre aking 


temperature, lime, 
Run c min, min 


Average of 
breaking times, 


Air atmosphere during heat treatment 
Untreated 856* 
Untreated 275° 

760 
760 
820 
820 
&30 
830 
S85 
920 
920 
920 
920 
920 
920 
980 
oso 


Nitrogen atmosphere 
THO 
750 
7H0 
SHO 
SOO 


Vacuum (10> * mm. pressure 
S70 
S70 
Hydrogen atmosphere 
750 
750 
SOO 
SOO 


Helium atmosphere 
TAO 
us 750 
101 - SSO 


* Not stress corrosion breaks but ta neral corrosion, 


severe than 1 hr. at 600° C. since samples so treated 
under nitrogen (runs 94 and 95) did not break from 
stress corrosion. 

For the specimens heat treated in air, the breaking 
time decreased with increase in annealing temperature 
from 760 to 885° C., but above 885° the breaking time 
increased with temperature. In the nitrogen-treated 
wires, the breaking time decreased as the annealing 
temperature was increased from 760 to 850° C.; how- 
ever the breaking times of two batches of wires treated 
at 750 and 760° do not agree. In vacuum, the time of 
breaking decreased as the annealing temperature was 
increased from 760 to 860°. The hydrogen and helium 
treatments, however, showed no real differences in 
breaking times between the 750 and 850° anneals 
Yield points were determined on several differently 
heat-treated wires to see whether there were any 
radical differences in the strengths of the various speci- 
mens after heat treatment. Inasmuch as the tensile 
strength of these wires was difficult to determine, the 
point at which the wire deformed plastically was ob- 
served. The results of this test, given in Table 2, show 
that there was little variation in the strengths of the 
wires after the different heat treatments. 


Table 2—Yield Points of Wire Specimens After Heat 
Treatment 


Heat treatment Yield point, 
Atmosphe re Time, | ps 
Air 38,000 
Vacuum 1 38.000 
Hydrogen 36,000 
Nitrogen l 36,000 
Nitrogen l 38,000 
Nitrogen 2 38,000 
l 
l 
l 


Temp., 


Air 39,000 
Air 36,000 
Vacuum 30,000 
Hydrogen 36,000 
Nitrogen 39,000 


Experiments were made to determine the effect of the 
duration of the heat treatment, and the results are 
shown in Table 3. [It appears from these experiments 


that increasing the time of heat treatment from 1 hr. to 


Table 3—The Variation of Breaking Time with Time of 
feat Treatment 
Nitrogen Atmosphere for Heat Treatment 50 Wt 
at 100° C., 40,100 psi. Stress 


Conditions: 


Annealing 


temperature, 


THO 
THO 


740 


1' . hr. decreased the breaking time, but the inerease 
from 1! . to 2 hr. had no real effect 

Measurements made of the grain size in the body of 
several specimens ot wire subjected to different heat 
treatments are given in Table 4. It can be seen that the 
differences in grain size are small and there is no appar- 


ent correlation with breaking time 
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3 
j 
4 
- 
87 
760 
34 
35 52 760 
36 
31 52 
32 830 
23 39 820 
870 
6 62 
10 
13 76 
62 
| 
53 7a 
jl 
Breaking 
77 Run min 
10 57 15 
5S 2 50 
15 | 
: 


Table 4—The Grain Size of Specimens After Various Heat 
Treatments 


A.S.T.M Breaking 
grain time,* 
Heat treatment size number min 
Untreated Ss 
769°, air, 1 hr 8 63 


760°, vacuum, | hr 


750°, hydrogen | hr. 
860°, nitrogen, 1 hr 7 51 
760°, nitrogen, | hr 7 79 
740°, nitrogen, 2 hr 7 78 


* From Table 1 


The several gaseous atmospheres used during heat 
treatment did not markedly affect the breaking time of 
the wires From Table 1 it mav be seen that all the 
wires treated at about 850° broke after approximately 
50 min., while these treated in air, nitrogen or vacuum 
took somewhat longer However, wires treated in 
nitrogen for more than 1 hr. at 650° also broke in about 
50 min., as shown by Table 2. Thus it seems the gaseous 
atmosphere over the wire during the heating plays little 
if any part in altering the characteristics of the wire dur- 


ing stress corrosion 


Variation with Stress 


Since the variation of breaking time with applied 
stress has previously been measured by several 
only a short investigation of this effect was 


made in the present work. In Fig. 2 are shown the re 


authors’ 


sults of four tests at various stresses It is interesting to 
note that for our experiments the rate of decrease ot 
breaking time with increased stress is about 1 min. for 
each 1000 psi., while Smialowski? found about four 


times that value for similar wires 


Influence of Variations in the Corroding Liquid 


solutions as corroding liquids, presumably because of 


the greater effectiveness of the high salt concentration 


50 60 70 80 
Breaking Time, minutes 
Fig. 2. The variation of breaking time with stress 


Conditions: wire, hydrogen. hr., 750° C. solution, 50 wt. Nie 
NO, at 100 ¢ 


Maren 1950 


Previous workers have used 50°, ammonium nitrate 


It seemed of interest, however, to observe the effect of 
lowering the concentration of the salt. For this work, 
several wires were heat treated together and tested with 
different concentrations of ammonium nitrate and the 
results are shown in Table 5 and Figure 3 (a 

In order to investigate the effect of varying the am- 
monium concentration independently of the nitrate 
concentration, solutions of ammonium nitrate and 
sodium nitrate were prepared in which the ratio of total 
number of moles of nitrate to moles of water Was con- 
stant but the concentration of ammonium nitrate Was 
not. The results obtained with these solutions are 
viven in Table 6 and Fig. 3 (6 These data follow the 


same pattern as those of Table 5 


lable 5—The Effect of Concentration of Ammonium 
Nitrate Solution on Breaking Time of Sample 


Conditions: Specimens Heated at 885° C. for L Hr. in Atr, 
ess 40,100 Ps 


” { B ‘ 
Run 
23 12 
24 


The results of a parallel series of experiments to de- 
termine the effect of nitrate are given in Table 7 In 
this case, the ratio of moles of ammonium ton to moles 
ol water Was kept constant With the nitrate were 
used two ammonium salts, ammonium sulphate and 


ammonium chloride. With the chloride as added salt, 


hig. 3) The variation of breaking time with concentra- 
tion of solution 
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Table 6—Effect on Breaking Time of Concentration of 
Ammonium lon in Constant Nitrate Concentration 


Conditions: Samples Annealed in Vacuum for 1 Hr. at 870° C., 
Stress 40,100 Psi. 


Ammonium Sodium 
nitrate nitrate Breaking 

concentration, concentration, time, 
Run wt, % vt min. 

40 

33 

25 

16 

0 


the wires after breaking were spotted with deep pits; 


the failure therefore may have been due to pitting 
With the sul- 


phate, some general corrosion was observed, and again 


rather than stress corrosion cracking. 


it is not certain that the failure was caused by stress 
corrosion; however the very long breaking times of the 
wires in the sulphate-nitrate mixtures indicated that any 
stress corrosion Was less intense than in the pure ni- 
trate solution. 

In Fig. 3 the effect of concentration of ammonium 
salts on the breaking time is shown graphically. Com- 
paring graph 3 (c), in which only the nitrate concentra- 
tion is varied, with 3 (a) and 3 (b), in which the am- 
monium concentration is varied, one sees that small 
changes in nitrate concentration have a larger effect 
than small changes in the ammonium concentration of 
the solutions. 


Table 7—Effect on Breaking Time of Nitrate Concentration 
in Constant Ammonium Concentration 


Conditions: Samples Annealed in Helium at 750° C. for 1 Hr., 
Stress 10,100 Psi. 


Ammonium 
nitrate chloride 


concentration, 


Breaking 
concentration, time, 
min, 
Ob 
100* 
1i4* 
> 
A mmonitum 
sulphate 
concentration, 


‘ 


wt 
236t 


663 


t General corro 


In generalized acid theories ammonium ion may be 


considered an acid. Thus it seemed interesting to de- 
termine whether or not another acid nitrate would be 
effective in producing stress corrosion. Several nitrate 
salts with acidic cations, and sodium nitrate, which is a 
very weak acid, were tried in place of the ammonium 
The results are tabulated in Table 8. All 
salts tried were more effective than ammonium nitrate 


nitrate. 


except the manganous nitrate and the sodium nitrate, 


Table 8—Breaking Times of Wires in Various Nitrate Salts 
Conditions: Solution Temperature 100° C. Stress 40,100 Psi. 


Concentration Breaking 
of salt, time, 
Run Salt yt, min. 
43 NaNO 244 
73 Mn( > 186 
AINOs), 5 
Zn( 
Zn( NOs)» 
Zn( 
Mg(NO, 
Mg( NO, jo 
Mg( NO; 
Mg( NO; )o 
Mg( NOs)» 
Mg( NO; 
Mgi( NO,). 


which was so weakly acidic that it was not expected to 
be effective. 

The attack by 50°% zine nitrate and by 50% 
aluminum nitrate was vigorous and similar to that of 
nitric acid itself; thus in those runs stress corrosion may 
not have been the cause of failure. However, the wire 
exposed to 30% zine nitrate failed from stress corro- 
sion, as evidenced by several cracks in the wire and the 
appearance of the break. It appears, then, that am- 
monium ion itself is not an essential constituent of the 
corroding liquid for stress corrosion but some acidic ion 
must be present. 

To determine if some oxidizing agent other than 
nitrate might be effective in producing this type of 
corrosion, other oxidizing agents were used. One wire 
was exposed to a 50 weight per cent solution of am- 
monium dichromate at 100° C. After 330 min. in this 
solution at 40,100 psi. stress, the wire was removed in- 
tact and examined; it showed no evidence of any kind 
of corrosion. In a similar experiment, using 50 weight 
per cent ammonium sulphate with oxygen bubbling 
rapidly over the wire, the wire was removed, still un- 
broken, after 360 min. The wire was pitted and showed 
evidence of general corrosion but no cracks were visible 

In another series of experiments the temperature of 
the corroding liquid was varied. By boiling different 
liquids in the jacket it was possible to maintain the tem- 
perature of the liquid constant at different values 
Three temperatures were used: 87, 100 and 111°C. In 
experiments using ammonium nitrate solutions, the 
change of breaking time with temperature was not 
much larger than the scattering between the breaking 
The re- 
sults with magnesium nitrate solution were more re- 
It is interesting to note that the effect of 
temperature on breaking time is greater in the case of 


times at each temperature as shown in Table 9 
producible. 


the magnesium solutions 

Finally, two experiments were made to establish the 
need for the simultaneous action of stress and corroding 
liquid. One sample of wire was subjected to a stress of 
40,100 psi. for 120 min. and then 50°7 ammonium 
nitrate at L00° C. poured on it. The wire broke in 59 
min. as compared to 65 min. for a similar wire on which 


l44-s Culbicciotti, Boyer—Stress Corrosion Cracking WerLDING ReseARCH SUPPLEMENT 


4 
| 
: 
ae 
Run wt. © 
6S 50 
i 75 35 
27 
79 19 
12 0 
S2 26 
ay SI iS 20 
* Wire p | 


Table 9—The Effect of Temperature of Corroding Liquid on 
Breaking Time 


Temperature of Breakin; time 
Run solution, ° C. min 


50 wt. % ammonium nitrate, stress 40,100 psi. Wire heated | 
hr. at 850° C. in hydrogen 

108 1443 

109 111 10 3 

49 100 16.5 

50 100 19.9 


+ Magnesium nitrate, stress 40,100 psi. Wire heated | hr 
at 885° C. in helium 


stress and solution were applied simultaneously. An- 
other sample of the same wire was exposed to 50°; 
ammonium nitrate at 100° C. for 120 min. with no 
stress and then 40,100 psi. applied. This wire broke in 
36 min. as compared to 65 for the normal procedure. It 
appears then that stress alone does not render the wire 
more susceptible to cracking, but exposure to solution 
alone does decrease the breaking time: however, the 
120 min. exposure to solution decreased the cracking 
time only by about 30 min 


DISCUSSION 


The results show that some heat treatment of the 
wires used was necessary to give rise to stress corrosion 
The wires as received had probably been cold worked in 
the drawing process. Since they did not crack if un- 
treated, it is possible that the cold working of the metal 
acted as a preventative to stress corrosion. 

The gaseous atmosphere used during the heat treat- 
ment had little effect on the breaking time of the wires 
The heat treatment may have been effective only in 
allowing some constituent to diffuse into or out of the 
grain boundaries. Such a mechanism has already been 
proposed by other workers.® * The results given above, 
however, offer little confirmation of the ‘nitride pre- 
cipitation” theory of Waber and McDonald; in fact, 
they seem to contradict this theory. Iron nitride, which 
is the anodic material in the grain boundary according 
to that theory, is unstable at the temperatures used in 
the present heat treatments (see reference &, p. 31 
thus the heating should decompose the nitride and _re- 
duce the tendency of the wire to stress corrode. Further, 
a hydrogen atmosphere during the heat treatment 
should reduce the nitride concentration in the grain 
boundaries much more than a nitrogen atmosphere, and 
the breaking time of a hvdrogen-treated wire would be 


greater than a nitrogen-treated wire; however just the 


opposite is observed for samples annealed at 750° and 


no difference for those heated at 850 


Some insight into the mechanism of the attack on the 
metal by the liquid may be obtained from the concentra- 
tion studies. It appeared from these experiments that 
in order to produce stress corrosion it Was necessary to 
have nitrate present with an acidic cation. A possible 
interpretation of these results may be as follows. The 
nitrate oxidizes some intergranular material with the 
formation of cracks in the wire. The iron oxidized dis- 
solves in the solution and is prevented from precipita- 
tion as oxides by the acidic cation. Thus the cracks 
formed are continually exposed to attack by the 
nitrate 

The rate of change of breaking time with temperature 
was found to be different for the two solutions used, 
indicating that the rate-determining step in the reaction 
causing the breaking is somewhat different in the two 
cases. Thus the rate-determining step is a reaction be- 
tween some constituent of the solution and the metal, 
and not merely a reaction within the metal phase. If 
one plots the logarithm of the breaking time against 
reciprocal of the absolute temperature for the rung 
given in Table 9-2, the points fall on an approximately 
straight line. Assuming that the reciprocal of the 
breaking time characterizes some rate in the reaction, 
one may calculate an energy of activation for the reace 
tion using the above-mentioned plot. This value ig 
about 20 keal. per mole 

The nature of the substance oxidized by the nitrate is 
not established by these experiments. It is apparently 
some substance formed or deposited in the grain 


boundaries by the heat treatment 
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train-Aging of Arc Welds in Mild Steel 


® An investigation of the strain-aging characteristics of welds 
made with several types of modern covered electrodes. 
Certain aspects of the notch bend test are also discussed 


by A. E. Flanigan, M. Kaufman 
and E. M. Emery 


1. INTRODUCTION 


HE subject of this paper is but one aspect of a 
broader topic, the aging of steel. The latter sub- 
ject has been reviewed recently by Epstein' and by 
Palm.? 
Users of welded steel are often unaware that are 
welds are capable of exhibiting aging phenomena. 
This is somewhat surprising in view of the fact that, 
earlier in the development of welding, bare electrode 
welds were known to be susceptible both to quench- 
aging* and to strain-aging.* 
Several early investigators, including Doan,* Hensel 
land Larsen, Kleinefenn,® and Hodge,*® found the high- 
nitrogen weld metal produced with bare electrodes to 
exhibit quench-aging. It was reported by Doan that 
actual quenching was not required, the cooling rates 
encountered in welding sufficing to induce aging. 
Kleinefenn found bare-electrode welds to be susceptible 


to strain-aging as well as to quench-aging. 
Without doubt, the aging tendency of bare-electrode 
‘elds was one of the factors reponsible for dissatis- 
faction with these electrodes and for the consequent 
development of modern electrode coatings. 

Welds made with some of the early coated electrodes 
were studied by Doan,* by Kleinefenn,’ and by Kuz- 
mak.’ Although the nitrogen content of the weld 
metal was substantially reduced, it was found that 
quench-aging could be produced. According to Kleine- 
fenn, strain-aging occurred as well. An excellent and 
comprehensive review of this early work was written 
by Spraragen and Claussen in 1937.8 

In spite of these early observations, interest in the 
aging of welds appears to have waned after the general 
acceptance of coated electrodes. This trend was in- 
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spired perhaps by the enthusiasm with which the new 
and generally superior electrodes were greeted. 

Recently, spurred by failures in certain welded 
structures, there has been a renewal of critical interest 
in the mechanical properties of welded steel. In this 
connection, the writers have undertaken to re-examine 
the question of strain-aging.t 

Interesting indications of strain-aging in are welds 
have been reported recently by Bruckner and Ellis.* 


2. THE SCOPE OF THE INVESTIGATION 


The investigation consists primarily of a study of the 
strain-aging characteristics of A.W.S. E6010 welds in 
A.S.T.M. A285 steel plate. Specimens were of the 
composite bead-on-plate type. After it had been estab- 
lished that such specimens were subject to  strain- 
aging, the following factors were studied with regard to 
their individual influences on the severity of embrittle- 
ment: 


1. The degree of prestraining. 
2. The duration of storage at 70° F. 
straining. 
The duration of storage at 70° F. before pre- 
straining. 
The duration of storage at 212° F. following pre- 
straining. 
The temperature of the test employed for the 
evaluation of ductility. 


after pre- 


In addition to this rather extensive work with E6010 
welds on A285 plate, other types of mild steel and other 
classes of electrodes were employed in supplementary 
tests. The additional steels were welded only with the 
E6010 electrodes while the additional electrodes were 
applied only to the A285 plate. In all cases the speci- 
mens were found to exhibit strain-aging. 

While the studies provide considerable information 
concerning the conditions under which strain-aging 
t The investigation was supported in the main by a grant from the Welding 


Research Council of the Engineering Foundation and in part by a grant 
from the Research Committee of the University of California at Los Angeles 
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occurs in welds, they yield no conclusive indications 
concerning the mechanism of aging. 

Since the data raised certain questions concerning the 
significance of the test used for the evaluation of duc- 
tility, it was necessary to devote considerable attention 
to this matter. Consequently, several sections of the 
paper are concerned with the nature of the notched- 
bend test. 


3. SELECTION OF SPECIMEN 


To evaluate ductility a version of the popular longi- 
tudinal notched-bend test was applied to bead-on 
plate specimens. The reasons for the selection of this 
method are as follows 

l Since it has been rep rted that the tendency to- 
ward strain-aging is more pronounced in coarse-grained 
than in fine-grained steels,'’ it was desired to test the 
welds in the columnar condition. This consideration 
suggested the use of the single-pass, bead-on-plate 
type of weld. 

2. Sucha weld is of additional interest since it resem- 

bles the final (and in many respects, the critical) pass of 
a multilayer butt weld. 
3 A longitu linal test is of interest since it subjects 
all regions of the specimen to study by causing them to 
be strained in parallel. Such regions include the weld 
metal, the fusion line, the heat-affected zone and the 
unaffected plate. 

1. The desirability of using a notched specimen was 
suggested by the fact that previous investigators have 
found that strain-age embrittlement tends to be more 
severe in the presence of a notch than in an unnotched 
specimen.® 7 

5. The preparation of a bead-on-plate specimen for 
the notch-bend test requires a minimum of expense and 
effort. 
of the notch. 


No machining is required except for the milling 


4. THE BEND TEST AND PRESTRAINING 


A typical bend test specimen is shown in a partially 
bent condition in Fig. 1. 
Specimens were prepared in the following manner 


The bead-on-plate weld was deposited along the major 


Fig. 1 Bend-test specimen 
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2) Fixtures used in bend test 


With- 


training, 


center line of the flame-cut 9 x 4 x 8/4 in. blenk 
in one day after welding, and prior t 


transverse groove was cut with a in. diameter con- 


vex milling cutter, thus forming a U-shaped notch of 


in. radius. The notch was cut ac the entire 
width of the specimen to a depth 0.020 in. below the 
plate surface measured near the we rhe total 
y 0.110 


ished with 


depth of weld penetration was approxim: 


Except as otherwise noted, the notch w: 
000 French em«e ry pape! 
In the bend test, the specimen ported on 


I 


6 in. centers and was loaded am with the 
fixture is 
vided at the 


ead speed 


notched weld in tension 

shownin Fig. 2. A radius of in. Was ] 

supports and at the plunger The ¢ 

during loading was 0.4 in. per minute 
Prestraining Was acc’ mplished in the ime fixture 

and at the same cross-head speed. For the sake of 

convenience, prestraining was done at 70° F. (room 


temperature) whereas, for reasons disclosed in Sections 


5 and 14, subsequent tests to destru 1 were per- 


formed at a lower temperature, usually 


Fig. 3 Setup for low-temperature bend tests in alcohol 
bath 
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Testing at low temperatures was accomplished by 
locating the lower half of the bending fixture in a tank 
of alcohol supported by the lower platen of the testing 
machine (Fig. 3). The alcohol was maintained at the 
desired temperature by means of frequent additions of 
solid carbon dioxide. 

Throughout the paper, ductility is reported in terms 
of the bend angle at fracture. These values include 
both plastic and elastic components of deformation 
(i.e., they describe the deformation just prior to the 
complete and sudden fracture of the specimen). Simi- 
larly, values of prestrain indicate the bend angles ac- 
complished just prior to unloading. 

Except as otherwise noted, specimens were stored at 
approximately 70° F. before and after prestraining. 


5. THE TESTING TEMPERATURE 

This section is devoted to considerations responsible 
for the decision to perform the bend tests at —40° F. 
It is concerned principally with the nature of the 
fracture process in the bend test, a subject which is 
considered further in Seetion 14. 

It has been observed previously'' and confirmed in 
the present work, that, under the conditions of the 
study, fracture tends to originate in the weld metal 
or at the fusion line. When the test is conducted at 
room temperature, the notch-sensitivity of the heat- 
affected-zone and of the parent plate may be sufficient 
to arrest the progress of the erack. Thus, complete 
fracture of the specimen may occur at a bend angle con- 
siderably larger than that at which the weld itself has 
completely failed. 

If one wishes to determine the degree of deformation 
associated with the failure of the weld itself, he may 
obtain such an indication in several ways. He may, 
for instance, impose conditions which render the mate- 
rial outside of the weld so notch-sensitive that it isunable 
to arrest the progress of the erack once the latter has 
passed the boundaries of the weld. Such an effect 
may be attained by testing at a sufficiently low tempera- 
ture. For this reason, most of the tests were conducted 
at —40° F 
fracture of the specimen coincided closely with that of 
the weld. 

It will be noted in Section 14 that, under the con- 
ditions of the investigation, the bend angle at the 


a temperature at which the complete 


complete fracture of the weld was nearly independent 
of testing temperature in the range from 70 to — 105° F. 


6. MATERIALS 


The following types of mild steel were employed in the 
investigation, all in the form of */,-in. plate: 


1. A.S.T.M. A285-Grade C, 
semikilled steel). 
A.S.T.M. A201-Grade A, Firebox Quality, Alumi- 
num-killed (a fully killed steel made with an 
aluminum addition of 1.15 lb. per ton). 
3. Steel “EE” (a rimmed ship-plate steel). 


Firebox Quality (a 


These steels represent types which are widely em- 
ployed in practice. All were used in the as-rolled 


condition. 

The A201 plate is of particular interest since, in the 
absence of welding, it might be expected to exhibit supe- 
rior resistance to strain-aging. It should be noted, how- 
ever, that the aluminum addition of 1.15 lb. per ton was 
not as large as might be desired for this purpose. 

The “E”’ steel is one of the “Navy project steels’’'* '* 
which have been widely studied in recent years in the 
United States. 

The A285 steel was obtained from two separate 
heats. The bulk of this material, four plates weighing 
one ton each, was taken from two consecutive slabs 
rolied from a single ingot. Henceforth, this portion 
will be termed the “second heat.” The remainder (a 
single plate weighing one ton) represents another heat, 
and was used exclusively for the work described in 
Sections 8,9 and 10. It will be termed the ‘first heat.” 

The chemical compositions of the steels are shown in 
Table 1* where for each material, two separate analyses 
are shown. The first represents samples obtained from 
near the plate surface while the second represents the 
mid-thickness region. The near-surface analysis has 
been included since it represents the region in which 
the bead-on-plate weld is deposited and in which subse- 
quent failure is initiated in the bend test. 

The standard tensile properties of the steels are 
shown in Table 2. 

Four popular types of mild-steel welding electrodes 
were employed, namely, A.W.S. E6010, E6012, £6020 


* For these analyses, the authors are indebted to R. ¢ Madden, Chief 
Metallurgist of the Kaiser Steel Co., Fontana, Calif 


Table 1—Chemical 

S 
A285-C, Ist heat s 2 0 0B5 
0. 036 
A285-C, 2nd heat Ss ) 37 2 0 029 
0.084 
A201-Att 5 7 ND 
5 0.029 
“E” steel 2 36 0.021 
0.027 


‘ompositions of the Steels 


NDt 0.15 re NDt 
ND 0.15 3 ND 
0.10 7 0.001 
0.015 o.10 
0 O15 0 12 ré 2 ool 
0.015 0.08 OO] 
0.015 0.14 
0.020 0.07 ool 


* Spectrographic analysis used for all determinations included in indicated rectangle 
+ NS, MT and ND denote “near-surface,"’ ‘“‘mid-thickness"’ and “‘not determined,’’ respectively. 


++ Total aluminum = 0.08°) (including 0.02 soluble, 0.01 insoluble) 
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0.03 0.013 0.006 

0.08 0.012 0.006 
0.04 0.005! 0 007 
lg 0.08 0.005) 0.006 

0.21 0. 002 0.006 
0 22 0.001. 0.006 : 
0 008 0.001 0.006 

0.005 0.002 0.006 
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Table 2—Tensile Properties of the Steels 


A285-C, Ist heat 
A285-C, 2nd heat 
A201-A 


‘E” Steel* 


* Tensile values taken from reference 


and E6016. All electrodes were obtained from com- 
mercial stocks and were in good condition when used 
The chemical compositions of the several varieties of 


weld metal are shown in Table 3. 


7 WELDING PROCEDURE 


Table 4 describes the welding conditions employed 
Except in the case of the £6020 welds, the conditions 
are typical of those used in practice The unusually 
low current used with the £6020 electrode was necessi- 
It should 
also be noted that reverse polarity (electrode positive 


tated by the desire to produc ea convex bead 


was employed with this electrode. While either polar- 
ity is suitable, the £6020 class is more commonly used 
with straight polarity 

Prior to welding, the mill scale was removed from the 
plate along the path of the weid by means of grinding 
During welding, specimens were supported on a steel- 
topped table, after which they were transferred imm« 


diately to a wood surface to cool in still an 


8 SOME PRELIMINARY INDICATIONS 


This section deseritbes some Cary exploratory we rk 
based on E6010 welds on the first heat of A285 plate 

One day after welding (and following the cutting of 
the notch a series ol spec mens Was subje ected to various 
degrees of prestraining in the bending fixture 
days after pre straining, the specimens were 
fracture at 10° | 

The results of these tests are shov a in Fig. 4 which 
describes the effects of prestraining on subsequent be- 
havior In this figure, the degree of prestraining 
horizontal) is plotted against the additional deforma 


tion achieved in the test to fracture. It will be noted 


Table 4—Welding Conditions 


E6010 E6012 601 £6020 


Current, amp. 170 + 5 185 
Arce voltage 
Are speed, in 
min 
Electrode burn 
off rate, in 
min 
Heat input* A 10 540) 600 
watt min 
in 
Polarity Reverse igh rs Reverse 


* Heat input defined as (current) (voltag 


that, in the absence of prestraining, specimens Trac tured 
at a bend angle of about 12 The dashed line, then, 
represents the behavior which would be expected of 
prestrained specimens in the absence of strain-aging 
Along this line, the sums of the horizontal and vertical 
coordinates are equal to the bend angle of the nonpre- 
strained specimens. Since the actual data fall well be- 
low this line, strain-aging is indicated 

For illustrative purposes, consider the magnitude of 
the effect produced by prestraining to a bend angle of 
2 In the absence of prestraining, one would expect 
an additional bend angle of 10 n the final test (the 


value indicated by the dashed line Actually, it is 


E6010,A285-C, FIREBOX, HEAT 
PRESTORAGE, | DAY, 70°F 
PRESTRAIN TEMP F 
POSTSTORAGE, 3 DAYS, 70°F 
TEST TEMP ~40°F 


DEGREES 


(DOES NOT INCLUDE PRESTRAIN ) 


} 
| 

GURVE EXPECTED IN ABSENCE 

OF STRAIN-AGING 


+ 


BEND ANGLE AT FRACTURE, 


6 6 10 
PRESTRAIN, DEGREES 
Fig. 4 Effect of the degree of prestraining on subsequent 
behavior in bend test to fracture 
E6010 welds, A285-C first heat plate 


3—Chemical Composition of Weld Metal 


E6010, 
E6010 
E6010, 
E6010 
E6010 
E6010 
E601 

E6012, 
E6016, A285-C, 2 11 
£6020, A285-C, 2n 14 


O OLS 
O14 
O09 
O10 
ol 
OOM 
o14 
0 021 
0 O14 
O18 


* Spectrographic analysis used for all determinations included in indicated rectangle, 
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Vield Ultimate Elongation 
| point, stress, at fracture, 
4 1000 psi 1000 psi Cl ain Sin 
10.4 61.3 27 
35.7 565 32 
239 7 60.5 30 
30.0 57.0 32 
; 
©) (arc speed)! } 
a 
4 
| 
2 + + 
in 
| 
“J 
ig 
ACTUAL DATA 
2 + _ + + + + 
3 
P 
Cc ify Sn* 
44 ool 14 ND 0 
) 42 ) 12 0 0280 0.17 ND 
40 0 O16 0.15 0.012 
) 43 O18 (24 34 OLD 0 
0 34 18 O85 O7 0 ) 
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seen that an additional angle of only 3° was achieved. 

It should be noted that in this work the notches were 
not polished but were left in the ‘‘as-machined” con- 
dition. Had they been polished, it is thought that 
somewhat greater values of bend angle would have been 
attained but that strain-aging would still have been 
evident. 
subsequent work, 


Since polished notches were employed in all 
caution is recommended in the direct 
comparison of subsequent results with those of Fig. 4. 


9. STORAGE AT ROOM TEMPERATURE 
FOLLOWING PRESTRAINING 


As just noted, Fig. 4 is based on tests in which only 
the degree of prestraining was varied. The specimens 
were prestrained room temperature one day after 
welding and then were stored 3 days at room tempera- 
ture before the final bend test at —40° F. 

After evidence of strain-aging had been found under 
these conditions, it seemed reasonable to expect that 
even stronger tendencies might be obtained with 
altered conditions of storage. Accordingly, a series of 
specimens was tested in which the storage period after 
prestraining was varied. These specimens were similar 
to those of Fig. 4 in that they contained E6010 welds 
on the first A285 heat. They differed only in that 
polished notches were employed. One day after weld- 
ing, these specimens were prestrained to a bend angle 
of 3°, a value selected after reference to the data of 
Fig. 4. They were then stored at room temperature 
for periods ranging from one-fourth of a day to 35 
days after which they were subjected to a final test at 
—40° F. 
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Fig. 5 Effect of poststorage period at 70° F. on bend angle 
at fracture 
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DECREASE IN BEND ANGLE AT FRACTURE 
ATTRIBUTABLE TO STRAIN-AGING, DEGREES 


DURATION OF STORAGE PERIOD FOLLOWING PRESTRAINING, DAYS 


2 16 32 


ig.6 Influence of poststorage time at 70° F. on the duc- 
tility loss attributable to strain-aging 


E6010 welds, A285-C first heat. Obtained from a comparison of the 
curves of Fig. 5 for prestrained and nonprestrained specimens having 
equal total storage times 


The lower curve of Fig. 5 shows the results obtained 
with the specimens of this series. It will be seen that 
for storage periods of short duration an increase in 
storage time leads to a decrease in ductility. For 
storage periods greater than about 8 days, however, 
there is a pronounced reversal of this trend. 

Interpretation of the results is, of course, compli- 
sated by the fact that, in the absence of prestraining, 
the duration of storage at room temperature is known 
to affect the results of notched-bend tests.'s For 
this reason, a comparison series of unstrained specimens 
was tested to evaluate the effect of storage time alone. 
The results, represented by the upper curve of Fig. 5, 
show, as expected, that considerable increases in duc- 
tility attend room-temperature storage. 

To separate the effect of strain-aging from that of 
aging in the absence of prestraining, one must compare 
the upper and lower curves of Fig. 5. The results of 
such a comparison are shown in Fig. 6 which was de- 
Here the 
decrease in ductility attributable to strain-aging is 
It will 


be seen that for storage periods up to about 8 days there 


rived from the smoothed curves of Fig. 5. 
plotted as a function of the duration of storage 


is a steady increase in the magnitude of the strain- 
aging effect. Further storage causes a decrease 

From Fig. 6 it is seen that strain-aging develops with 
considerable rapidity even at room temperature. The 
arbitrary selection of a storage period of 3 days for the 
exploratory work of Fig. 4 now appears to have been a 
fortunate choice. 

The general shape of the curve in Fig. 6 (including the 
indications of overaging in the later stages) suggests 
that the mechanism may be of the precipitation-hard- 
ening type. 

It is of interest to note that the embrittlement so 
apparent in Fig. 4 is ameliorated by prolonged storage 
at room temperature. This suggests that in practice 
strain-aging difficulties may be minimized by storage 
periods of similar or greater duration. Additional tests 
(Section 18) indicate that amelioration is accelerated 
at higher temperatures. 
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10. EFFECT OF STORAGE TIME BEFORE 
PRESTRAINING 


has just been noted in Fig. 5, high values of 
ductility were exhibited by specimens prestrained one 
day after welding and tested a month after prestraining 
One now wonders if similarly high values would result 
if the same total storage period were employed but if 
prestraining were performed at a later stage in the 
period. 

To answer this question, another series of specimens 
was prepared. After welding, and before prestraining 
these specimens were stored at room temperature for 
periods ranging from less than one day to nearly 32 
days. Each specimen was then subjected to a prestrain 
of 3° after which 
until a fota! storage period of 32 days had been reached 


was stored at room temperature 


At the end of this time the specimens were bent to 
fracture at —40° F. 
period which precede and which follow prestraining 


The portions of the total storage 


will henceforth be termed the “prestorage”’ and “‘post- 
storage periods, respectively 

The results obtained in these tests are represented in 
Fig. 7. On the basis of this figure, the follow ing obser- 
vations may be made: 

1. As expected, the results obtained with the speci- 
mens subjected to a poststorage period of 32 days (after 
very brief prestorage) are in agreement with those for the 
corresponding condition in Fig. 5. 

2. While this treatment produces the greatest due- 
tility in Fig. 5, it is the condition of least ductility in 
Fig 7 According to the latter figure, the longet the 
prestorage period, the greater is the bend angle at the 
end of 32 days. 

The second observation is of practical interest since 
it indicates that, after a month or more of storage. 
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Fig. 7 Effect of prestorage period at 70° F. on bend angle 
at fracture fora total storage period of 32 days 
E6010 welds, A285-C. first heat 
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ductility may be expected to be of a high order regard- 
less of the time at which any prestraining may have 
occurred. Thus it appears that any difficulties which 
might arise from strain-age embrittlement are to be 
expected soon after welding. The duration of the 
danger period might, of course, be exper ted Lo increase 
under conditions of low-temperature storage 

Incidentally, it Is suggested by the results of Figs. 5 
and 7 that in laboratory studies of the strain-aging 
welds, careful attention must be given to the duration 
of storage before testing. Similarly, as will be seen in 
Section 19, the temperature of the specimen should be 
controlled during any machining operations which 
follow welding 


Il. WELDS ON OTHER STEELS 


Having seen that E6010 welds on the first heat of 
\285 plate exhibit strain-aging, one wonders whether 
similar behavior would be displayed by welds on other 
types of plate 

To answer such a question, tests were performed on 
three other steels. These materials, described in See- 
tion 6, included a second heat of A285, A201 and the 
“E” steel. Except for the fact that the notches were 
polished in this work, the procedure was similar to 
that associated previously with Fig. 4 As before, 
specimens were subjected to various degrees of pre- 
straining one day after welding and were tested at 

40° F. three days after prestraining 

The behaviors of the specimens are shown in Figs. 
8, 9 and 10 


It is of particular interest to note that welds on the 


In each case strain-aging is apparent 


fully killed plate are as sensitive to strain-aging as are 
Such a 


similarity is perhaps not surprising since, under the 


those on the semikilled and rimmed varieties 


conditions employed, it is believed that the bend test 
seen in 
Table 3, the composition of the weld is little effected 
by the nature of the plate 

It should be noted that, although the A201 plate is 
described by its producer as 


measures the ductility of the weld itself 


“aluminum-killed,” the 
aluminum content (0.039%) is not as great as might 
be desired. Had it been greater, it is possible that the 
plate might have been able to arrest the propogation of 
fracture at 40° F. It is also conceivable that suffi- 
cient pickup of aluminum might have occurred in the 
weld to affect its tendency toward strain-aging 

Comparison of Figs. 4 and 8 reveals that the bend 
angle values in the nonprestrained condition are con- 
siderably greater in the case of the second heat of A285 
plate than in the first. The difference is attributed, ir 
part at least, to the fact that unpolished notches were 
employed in the case of the first heat, whereas, polishing 
vas employed in all subsequent work 


12. WELDS ON A WELD METAL BASE 


To further assess the influence of the base material 


on the strain- wing characteristics of E6010 we lds, tests 


ain- lqing lds 
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Fig. 9 Effect of the degree of prestraining on subsequent 
behavior in bend test to fracture 
B6010 welds, A201-A plate 


were performed on welds deposited on a weld-metal 
base 

Using plate from the second A285 heat, specimens 
were prepared in the following manner. A groove 
' ie in. deep by 7,5 in. wide was milled along the central 
3' > in. of the longitudinal center line of the standard 
34x 4x 9 in. blank (Fig. 11). This groove was then 
filled with a single laver of E6010 weld metal consisting 
of three overlapping beads. Later the reinforcement 
was ground flush with the plate surface with the result 
that the blank was again geometrically similar to the 
standard blank. 
the fact that the central portion of its surface consisted 
of weld metal. A standard E6010 bead-on-plate weld 
was then deposited in the usual manner. 


It was distinguished, however, by 
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Fig. 11 Specimen used in study of E6010 weld on weld 
metal base 


After welding and notching, the specimens prepared 
in this fashion were divided into two groups. The 
first group was not prestrained, whereas, one day after 


welding, the second group Was prestrained to a bend 


angle of 4'/ degrees. Four days after welding, the 
specimens of each group were fractured at —40° F. 

The results of the tests are shown in Table 5 where 
the now familiar indications of strain-aging are appar- 


ent. As in the previous section, it must be concluded 


Table 5—Behavior of E6010 Welds on E6010 Base 


Bend angle at fracture, 


Prestrain,° includes prestrain 


0 147 
14.5(15 38av 
16.7 

4'/, 6.0 
6.9 (6.7 av.) 
60 
79 


Strain-Aging Welds 
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that the strain-aging susceptibility of the weld is little 
affected by the nature of the plate upon which it is 
made. 


13. TESTS WITH E6012 AND E6020 
ELECTRODES 

In the preceding sections it has been seen that, re- 
gardless of the plate material, bead-on-plate E6010 
welds are susceptible to strain-aging. One wonders 
now if welds deposited with other commonly used elec- 
trodes would exhibit similar behavior. Such a question 
is the principal concern of this section which deals 
with tests on £6012 and £6020 welds in the second heat 
of A285 plate. 
considered. 


In a later section E6016 welds will be 


The welding conditions employed with the £6012 and 
£6020 electrodes are described in Table It will be 
noted that the rates of heat input (measured in terms 
of the are energy per unit length of weld) did not differ 
greatly from the value emploved previously with the 
E6010 welds. 

Methods of specimen preparation and testing were 
similar to those described previously for £6010 welds in 
Section 11 


subjected to various degrees of prestraining and three 


One day after welding, the specimens were 


days later they were fractured at 410° F 

The results of the tests are shown in Figs. 12 and 13 
Here it may be seen that, with regard to strain-aging, 
the behaviors of the £6012 and £6020 welds a 
tatively similar to that exhibited by the 6010 variety 


re quali- 


Whatever may be the mechanism of strain-aging in 
£6010 welds, it would seem likely that the same mech- 
anism affects the other types as well It will be seen 
later than E6016 welds also exhibit strain-aging 
Thus, one suspects that susceptibility to strain-aging 
may be characteristic of are welds in mild steel regard- 


less of the type of electrode or plate employed. Since, 
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however, welds on plate of high aluminum content have 
not as yet been studied, possible that they may 
constitute an exception 

At this point it may be of interest to speculate on 
how one might proceed if he wished to produce welds 
which, without subsequent treatment, would be resist- 
ant to strain-aging. Let us assume for this purpose 
that either carbon or nitrogen is involved in the mech- 
anism. It would probably be difficult to produce welds 
having substantially lower carbon and nitrogen con- 
tents. It might be possible, however, to reduce the 
strain-aging sensitivity by incorporating stabilizing 
elements in the welding wire or in the coating. Such 
additions would be intended to enter into the weld 
metal and to reduce the carbon and nitrogen contents 
of the ferrite by fixing these elements as carbides and 
nitrides. 

Another observation, not related to strain-aging, 
may be based on Figs. 12 and 13. Comparison of these 
figures with Fig. 8 reveals that the ductility of the 
£6012 and £6020 welds in the nonprestrained condition 


is inferior to that exhibited by the E6010 type. The 
average bend angle values are, respectively, 7, 14 and 
IS The low ductility of the E6012 welds is especially 


striking 

That the ductility of the E6012 variety should be 
lower than that of the other types is not surprising 
since in specifications for mild-steel electrodes (A.W 
A5.1; A.S.T.M. A233) lower ductility is permitted 
6012 deposits than in those of the other types. From 
this viewpoint, however, the intermediate ductility of 
the £6020 welds in the present tests is not consistent 
with the order of the minimum values permitted in 
these spec ifications It should be remembered that in 
the present work the [6020 electrodes were used with a 
lower welding current than would generally be employed 
In practice 
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characterizes the prestrained speci- 
mens. In this range the magnitude 
of the effect appears to be nearly in- 
dependent of the testing tempera- 
ture. Thus, it would appear that the 
strain-aging indications obtained in 
the previous work at —40° F. might 
have been obtained at lower tempera- 
tures as well. 


Interpretation of the 


high-tem- 
perature results of Fig. 14 requires 
| consideration of the manner in which 


FRACTURE 
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© @ - TYPE | FRACTURE APPEARANCE 
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_— — — specimens fracture in the notched- 


bend test. As noted in Section 5, it 
is believed that, under the conditions 
employed, fracture is initiated in the 
weld metal 
the fusion line. 


(the usual case) or at 
At this stage several 


-40 
TESTING TEMPERATURE, °F 
Fig. 14 Influence of testing temperature and prestraining on behavior in bend 

test 
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14. EFFECT OF TESTING TEMPERATURE, 
A285 PLATE 


The results presented up to this point have been 
based on tests performed at —40° F. While it is now 
clear that strain-aging is revealed under these condi- 
tions, one wonders what indications might attend the 
use of other testing temperatures. For this reason, 
tests were run under the conditions described in the 
following paragraph. 

Two groups of specimens containing £6010 welds on 
the second heat of A285 plate were welded, notched, and 
polished in the usual fashion. The specimens were 
then divided into two groups, the first of which was 
subjected to no prestraining while, one day after weld- 
ing, the specimens of the second group were prestrained 


° 


to an angle of 4'.°. Four days after welding both 
sets of specimens were subjected to bend tests at tem- 
The results of 


these tests are shown in Fig. 14 in which the values of 


peratures ranging from 70 to —105° F. 


bend angle at fracture (including prestrain) are plotted 
against temperature. 
It is clear from Fig. 14 that at temperatures from 


—105 to —40° F. a considerable strain-aging effect 


fig. 15 Typical crack appearance at fracture in specimens 
bent at —40° F. Type | appearance 
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small, apparently independent cracks 
may appear. 
further bending, a major crack de- 
velops and extends across the weld. 
Its further progress then may pro- 
of two 


40 80 
Later, as a result of 


ceed in either 

Mode 1: If the testing temperature is sufficiently 
low, the toughness of the heat-affected zone and of the 
remainder of the plate is not sufficient to arrest the 
As a result, the fracture of the 


ways. 


progress of the crack. 
entire specimen occurs at a bend angle nearly coincid- 
ing with that for the complete fracture of the weld 
Mode 2: 
of the plate, especially in the refined region of the heat- 
affected zone, may be sufficient to stop the progress of 
the crack. In such cases the complete fracture of the 
specimen (and also the attainment of maximum load) 


At higher temperatures the notch-resistance 


may occur at a bend angle greater than that character- 
izing the fracture of the weld itself. 

By examination of a fractured specimen it is usually 
possible to distinguish which of these two modes of 
Figures 15 and 16 illustrate the 
-40 and 


The appearance of the speci- 


fracture has occurred. 
typical appearances of specimens tested at 
at 32° F., respectively. 
men in Fig. 15 results from the first mode of fracture, 
while that of Fig. 16, by virtue of the excess opening 
at the weld, indicates the second type. 


We now return to consideration of Fig. 14. From 


Fig. 16 Typical crack appearance at fracture in specimens 
bent at 32° F. Type 2 appearance 
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the appearance of the fractured specimens, it is believed 
that all those tested at —105, —75 and —40° F. frac- 
tured according to the first mode. Of those tested at 
the next higher temperature, —5° F., the majority failed 
in the first mode, the remainder in the second At the 
two higher temperatures, 32 and 70° F., all fractures 
were of the second sort It is concluded, therefore, 
that in Fig. 14 the tests at the higher temperatures fail 
to indicate the ductility of the weld itself. Such tests 
merely reflect the high notch-resistance of the material 
outside of the weld 


15. ROOM-TEMPERATURE TESTS 


To supplement the data of Fig. 14, it was desired to 
determine the bend angle characterizing the fracture of 
the weld alone at the upper temperatures. This was 
accomplished at 70° F. by means of interrupted tests 
which allowed frequent inspection of the specimen dun 
ing testing. The results of this work are represented 
in Table 6 which shows the bend angles required to 
produce the first stages of cracking in the weld, the 
complete fracture of the weld and the fracture of the 
entire specimen. The first stages of fracture were ob 
served at 50 power magnifications. Since a total time 
no greater than 15 min. was required for the fracture 
of the weld in each test, little strain-aging is believed 
to have occurred during testing and inspection 

It will be seen in Table 6 that strain-aging is clearly 
indicated at 70° F. if one takes as criterion the com- 
plete fracture of the weld 


obscured, however, if only the fracture of the entire 


The aging of the weld is 


specimen is considered 


Table 6—Study of Fracture Process at 70° F. E6010—A 
285 Second Heat—Storage at 70° F. 

Bend an ue including prestrain 

First Crack length Complete Comt 

y after suspicion reaches fracture fractur 

weldir 0 05 in weld pe 

0 12 13 18 65 
6 15 20 
0 il 15 18 14 
6 8 

6 7 

6 Q 5 
4 6 9 65 


* First stages of cracking studied at 50 magnification 

From Table 6 it may also be seen that the complete 
fracture of the weld at 70° F. occurs at essentially the 
same bend angle as that which is required for the fracture 
of the entire specimen at the lower temperatures of 
Fig. 14. (This is the case for both the prestrained and 
nonprestrained conditions.) Thus, the bend angl 
values for the complete fracture of the weld appear to 
be nearly independent of temperature over the entir 
range from —105 to 70° F 

On this basis, two separate curves have been drawn 
for each condition in Fig. 14. The horizontal paths 
are believed to represent the complete fracture of the 


weld itself, whereas, the S-shaped curves refer to the 
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fracture of the entire specimen. According to this 
interpretation of the data, the “transition temperatures” 
for the latter curves refer to an abrupt change in the 
noich-sensitivity of the material outside of the weld. 
At such temperatures the mode of fracture changes from 
the first type to the second and the appearance of the 
fracture changes from that of Fig. 15 to that of Fig. 16. 

Another observation which may be based on Table 
6 concerns the resistance of the weld to initial cracking 
and to the subsequent extension of cracks across the 
weld It is seen that the first small cracks appear in 
the prestrained specimens at an average angle of 6° 
including prestrain), whereas they appear in the non- 
prestrained specimens at an average angle of 10°. 
In addition, it appears that the further increase in bend 
angle required for the complete fracture of the weld is 
considerably lower in the case of the pre strained speci- 
Thus, it 
would seem that strain-aging affects the weld’s ability 


mens (2 than for the other group (9 
to resist crack propagation as well as to resist crack 
Initiation 

Since considerable uncertainty attends the detection 
of the first small cracks on the bend test, there may be 
reasonable doubt concerning the validity of the corre- 
sponding entries in Table 6. Difficulty s from the 
rs on the 
It is difficult 
to distinguish a small crack from the orange peel mark- 


fact that a pronounced “orange peel” app 


surface of the weld at small bend ang 


ings 


16. EFFECT OF TESTING TEMPERATURE, 
A201 PLATE 


Tests similar to those represented in Fig. 14 for 
£6010 welds on semikilled A285 plate were also per- 
formed on £6010 welds on the fully killed A201 plate 
The results shown in Fig. 17 are in all respects similar 
to those of Fig. 14 
clearly evident. With regard to the influence of 


Again strain-aging of the weld is 


testing temperature, the comments previously based 
on Fig. 14 are again applicable 
With some of the specimens exhibiting mode 2 


fractures at 5° F. and at 32° | it was possible to 
stop the tests immediately after the fracture of the weld 
itself (as indicated by a sudden, marked drop in load). 
The bend angles for this condition, shown by triangles 
in Fig. 17, are seen to be very nearly equal to those 
required for the fracture of the entire specimen at lower 
temperature In these cases, the fracture of the entire 
specimen would, of course, have required a further 
Thus, the data of Fig. 17 con- 


firm the interpretation of the “transition” temperature 


increase in bend angle 


just given in Sections 14 and 15 


17. CONCERNING THE PRESTRAINING 
TEMPERATURE 


This section deals with a question concerning inter- 


pretation of the data which in the preceding pages have 
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at —40° F. The magnitude of the 
effect is then indicated by a com- 
parison of Group 1 and Group A. 
Overlooking this evidence for the 
moment, the question may be put in 
a different way. Is it not possible 


that prestraining at 70° F. exhausts a 
greater proportion of the specimen’s 
residual ductility than does the same 


degree of prestraining at —40° F.? 
This question may be answered 
directly by comparing the results for 
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(INCLUDES PRESTRAIN ) 


2 FRACTURE 
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Groups 2 and 3 in Fig. 18. Each 
of these groups was fractured at 
—40° F. directly after prestraining. 
They differed only in that the speci- 
mens of Group 2 were prestrained 
at 70° F. while those of Group 3 


40 
TESTING TEMPERATURE, °F 


Fig. 17 Influence of testing temperature and prestraining on behavior in bend Fig. 


test 
B6010 welds, A201-A plate 


been said to denote strain-aging. The question con- 
cerns the use of a prestraining temperature (70° F.) 
higher than that used in subsequent tests to fracture 
(—40° F.). 

To justify this procedure (which was used for the 
suke of convenience), tests were performed on a series 
of specimens prepared with £6010 welds on A285 plate 
of the second heat. The specimens were notched and 
polished in the usual manner after which they were 
divided into three groups. These groups were then 
prestrained and fractured under the various conditions 
ascribed to Groups 1, 2 and 3 in the legend of Fig. 18. 
The results of the tests are shown in the same figure 
which also includes some related data (Groups A and B) 
abstracted from Fig. 8. 

Groups A and B d‘ffer from each other only in tat 
the specimens of the latter group were prestrained 
4'. degrees one day after welding while those of the 
former were not prestrained. In each case, the test to 
fracture was performed at —40° F. four days after 
welding. The lower ductility of the prestrained speci- 
mens (Group B) has in previous sections been attributed 
to strain-aging. 

But it may be asked, “can this lower ductility not be 
attributed in part at least to the fact that prestraining 
was done at 70° F., whereas, the test to fracture was 
performed at —40° F.?” Would a similar decrease 
in ductility have occurred if prestraining had been done 
at —40° F.? 
comparing the behavior of the Group 1 specimens with 


Such a question may be answered by 


those of Group B in Fig. 18. The treatments accorded 
these groups differ only with respect to the prestraining 
It will be seen from Fig. 18 that the bend 
angles obtained with the Group 1 specimens (pre- 
strained at —40° F.) are somewhat lower than those of 
Group B. Thus, the magnitude of the strain-aging 
effect is, if anything, greater when prestraining is done 


temperature. 
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were prestrained at —40° F. From 
18, it will be seen that the 

values of bend angle at fracture 

are somewhat lower for the Group 

3 specimens than for those of Group 
2. Thus, it is seen that the phenomena termed 
strain-aging in previous sections cannot be attributed, 
even in part, to the use of a prestraining tempera- 
ture which was higher than the temperature used in the 
test to fracture. 

The behaviors exhibited in Fig. 18 are, of course, not 
unexpected. The literature on the influence of pre- 
straining temperature on subsequent ductility has 
recently been reviewed and summarized by Sachs.'* 
This evidence indicates that plastic deformation at a 
low temperature produces a greater degree of strain- 
hardening than does the same deformation at a higher 
temperature. 


18. STORAGE AT 212° F. AFTER PRESTRAIN- 
ING 


It has been shown in Fig. 5 that prestrained specimens 
become increasingly embrittled in the early stages of 


25 


EACH BAR REPRESENTS 
A SINGLE SPECIMEN 


BEND ANGLE AT FRACTURE 
(INCLUDES PRESTRAIN 


TiME, WELD TO PRESTRAIN 

VPRESTRAIN TEMP, °F | 
PRESTRMN TO FRACTURE 
FRACTURE TEMP, | - 40 0 
WELD TO FRACTURE | 4 DAYS 


Fig. 18 Influence of prestraining temperature on sub- 
sequent behavior in bend test at —40° F. 
E6010 welds, (285-C second heat 
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subsequent storage at 70° F. A minimum value of 
ductility is reached in several days, after which the 
ductility improves. One would expect that similar 
changes might be produced at other storage tempera- 
tures and that an increase in temperature might accel- 
erate the change. With this in mind, it was decided 
to conduct tests similar to those of Fig. 5 employing a 
storage temperature of 212° F. after prestraining. 
The specimens, containing E6010 welds on A285 plate 
of the second heat, were prepared in the usual fashion 
One day after welding they were divided into two groups. 
All specimens of the first group were prestrained to an 
angle of 
strained. Immediately thereafter the specimens were 


° while those of the second were not pre- 


placed in boiling water to age for times ranging from 
'/, to 16 hr. Upon removal, each specimen was 
quenched to 70° F. and within the next 6 hr. was frac- 
tured at —40° F. 

The results of these tests have been plotted in Fig 
19 in the manner used previously in Fig. 5. 

The upper curve in Fig. 19 represents the changes 
which affect the nonprestrained specimens. As might 
be expected, there is a gradual increase in ductility, 
qualitatively similar to that achieved more slowly at 
room temperature. 

The lower curve represents the behavior of the pre- 
strained specimens. As before, strain-aging is clearly 
evident. Again the shape of the curve is similar to that 


obtained at 70° F. In the early stages of aging, the 
ductility is seen to decrease. A minimum value is 


reached in approximately 1 hr. after which the ductility 


increases. 
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STORAGE PERIOD AT 212°F FOLLOWING PRESTRAINING 
HOURS 
Fig. 19 Effect of poststorage period at 212° F. on bend 
angle at fracture 


E6010 welds, A285-C second heat. (Data not shown for specimens 
exhibiting Type 2 fracture appearance. See text) 
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The strain-aging effect, indicated in Fig. 19 by the 
difference between the upper and lower curves, reaches 
its peak after about 2 hr. It is of interest to compare 
this time with the corresponding period, 8 days, re- 
quired at 70° F. The ratio of the times, approximately 
1/10, IS Consistent with the fact that in this range of 
temperature the rates of many types of reactions are 
known to be doubled by an increase in temperature of 
approximately 20° F 

An observation concerning the mode of fracture may 
also be based upon the 212° F. tests. In all work re- 
ported prior to this section, testing at —40° F. caused 
the fracture of the entire specimen to coincide with the 
complete fracture of the weld. In the 212° F. tests, 
however, a departure from this behavior was noted. It 
was observed that specimens aged less than 2 hr. 
behaved in the normal manner. In the case of those 
aged 2 hr or longer, howe er, the remainder ol the speci- 
men sometimes failed to break immediately after the 
fracture of the weld. The data in such cases have been 
excluded from Fig. 19. In these cases, it was possible 
to estimate the bend angles at which weld fracture had 
occurred. The addition of such data (not shown in 
Fig. 19) do not significantly affect the curves which have 
been drawn 

To account for the behavior just noted, it must be 
presumed that aging at 212° F. in some way improves 
the notch resistance of the heat-affected zone and of the 
parent plate in addition to affecting the properties of the 
weld metal 


19. TESTS ON E6016 WELDS 


In Section 10, it was noted that prolonged storage at 
room temperature before prestraining tends to minimize 
the severity of subsequent strain-age embrittlement 
This suggests that some unidentified beneficial change 
occurs during storage. Since it is known that hydrogen 
may escape from the supersaturated weld metal at 
room temperature, it Is of interest to examine the pos- 
sibility that the hydrogen content of the weld may 
affect its resistance to strain-aging 

Accordingly, a series of welds was made on A285 
second heat) plate with “low-hydrogen” electrodes of 
the £6016 class. The results of the tests are shown in 
Fig. 20. The scatter is so great unfortunately, espe- 
cially for the nonprestrained condition, that the useful- 
ness of the data is in doubt 

Better evidence concerning the behavior of K6016 
welds was furnished by a second series of tests. In this 
work specimens were prestrained to a bend angle of 
{'/,° and then were aged for various periods at 212° F. 
The procedure was in all respects similar to that des- 
cribed in the preceding section for 6010 specimens 
The results of these tests are shown in Fig. 21 

Figure 21 indicates that the £6016 welds are unmis- 
takably susceptible to strain-aging. Comparison with 
Fig. 19 reveals further that the severity of strain-aging 
is not greatly different from that obtained with £6010 
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Fig. 20 Lffect of the degree of prestraining on subsequent 
behavior in bend test to fracture 
B6016 welds, A285-C second heat plate 


electrodes. It must be concluded, then, that the low- 
hydrogen content* of the E6016 welds does not insure 
resistance to strain-aging. Inferentially, it appears 
difficult to explain the beneficial effects of prolonged 
prestorage (Section 10) on the basis of hydrogen content. 
In this connection it may be noted that Hensel and 
Larsen‘ found atomic hydrogen welds to be less sus- 
ceptible to strain-aging than oxyacetylene welds even 
when the former contained a greater nitrogen content. 

Aside from the question of strain-aging, another ob- 
servation of interest may be based on comparison of 
Figs. 19 and 21. This observation concerns the well- 
known tendency for the ductility of E6010 welds to 
improve with time during storage at room temperature 
and at moderately elevated temperatures. Some au- 
thorities believe that the improvement must be attri- 
buted to the escape of hydrogen which occurs during 
storage.’~" In this connection it is of interest to note 
that during storage at 212° F. both the E6010 and the 
E6016 welds improve with time (Figs. 19 and 21). 
Furthermore, the ductility of the E6016 welds (low- 
hydrogen) is, if anything, somewhat lower than that of 
the E6010 (high-hydrogen) variety at all stages of 
aging. Such an observation would seem difficult to 
reconcile with any simple theory ascribing the improve- 
ment in ductility to a reduction in total hydrogen con- 
If hydrogen indeed plays an 
important role, it can scarcely be the total content which 


tent during storage. 


is decisive, but instead some fraction of the total." 


20. CONCERNING THE FRACTURE ORIGIN 
AND THE SITE OF STRAIN-AGING 


In the preceding pages there have appeared indica- 
tions that the fracture origin in the bend tests, and 
inferentially the site of strain-aging, is located in the 

® While hvdrogen contents were not measured, it is presumed that those 


of the E601¢. welds were low, This class of electrode was developed specifi- 
cally for such a purpose. 
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Fig. 21 Effect of poststorage period at 212° F. on bend 
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E6016 welds, A285-C second heat. (Data not shown for specimens 
exhibiting Type 2 fracture appearance. See text) 


weld itself. In this section, we shall deal with a ques- 
tion concerning the significance of such indications. 
Does the loeation of the fracture origin reflect an inher- 
ent property of the weld or can it be explained by geo- 
metrical considerations alone? 

It must be recognized that the weld reinforcement on 
the specimen causes the notch to be deeper at the weld 
than in other regions. In the bend test this difference 
in depth might be expected to produce a maximum 
strain concentration at the weld and thus to influence 
the location of the fracture origin. 

To explore this possibility, tests were performed on 
notched specimens of a type containing no weld but 
machined to simulate the shape of the standard bead- 
on-plate specimen. It was found under these con- 
ditions that the fracture, even in the absence of a weld, 
still originated at the “reinforcement.’’ The tests, 
however, revealed no indications of strain-aging, values 
of bend angle at fracture being unaffected by prestrain- 
ing. 

To further clarify the situation, a series of welded 
specimens was tested after the reinforcement had been 
removed by machining. These specimens, containing 
E6010 welds on plate of the second A285 heat, were 
notched in the usual manner to a depth 0.020 in. below 
the surface of the plate. They were then divided into 
The first was not prestrained while the 
second was prestrained 


two groups. 
one day after welding. 
Four days after welding the specimens were fractured 
at —40° F. The results of the test are shown in 
Table 7. 

It is seen from Table 7 that removal of the reinforce- 
ment causes a considerable increase in the values of 
bend angle at fracture. (Compare with Fig. 8.) 
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Table 7—Behavior of Notched Specimens after Removal of 
Weld Reinforcement by Machining. E6010—A285 Second 


eat 
Prestrain, Bend angle at Fracture type 
degrees fracture, degrees 1s defined 
at 70° F.) at —40° F in Section 14 
0 34 | 
0 34° 2 
0 33° 2 
4! 18 
20 1 
4) 22 1 


* Indicates bend angle at complete fracture of weld as revealed 
by abrupt drop in load 


This increase is presumably induced by alleviation of 
the strain concentration. The results also reveal 
strong indications of strain-aging. Examination of 
similar specimens during tests at room-temperature 
(as in Section 15) revealed that fractures originated in 
the weld even in the absence of reinforcement 

It is concluded, therefore, that the origin of fracture 
at the weld is promoted not only by the geometry of the 
standard specimen but by the properties of the weld 
itself. It appears also that the strain-aging tendency 
is dependent upon the presence of the weld. 


21. THE COOLING RATE FOLLOWING WELD- 
ING 


It is important to recognize that, as a result of the 
procedure employed in the present work, the cooling 
rate of the weld may not have been typical of the rates 
commonly encountered in practice in plate of compar- 
able thickness. The difference arises from the fact 
that the volume of a laboratory specimen (#/,x 4 x 9 in 
in the present instance) is necessarily smaller than that 
of most plate structures. Soon after welding, the tem- 
perature of the specimen approaches a more or less 
uniformly distributed value considerably higher than 
room temperature. In a small specimen this leveling- 
off temperature, dependent on the ratio of total heat 
input to volume, is considerably 
higher than in a heavy weldment. 
Accordingly, the small specimen cools 
more slowly as it approaches room 
temperature. 1000 

It is of interest, then, to ask the 
following question: What might be 
the consequences, in terms of strain- 


°F 


aging, if the weld were caused to cool 
more rapidly than in the present in 


° 


vestigation? 


1200 ‘is 


be of a harmless nature.) The degree of supersatura- 
tion retained at room temperature would thus be 
minimized by slow cooling and susceptibility to strain 
aging might be reducea 

On the other hand, an increase in the rate of cooling 
would be expected to increase the degree of supersatura- 
tion at room temperature Rapid cooling might thus 
produce a condition mor susceptible to strain-aging 
This possibility, not studied in the present work, de- 
serves investigation. 

Figure 22 describes the cooling history prevailing in 
the present work. It is based on autographic records 
derived from thermocouples at the mid-length of the 
weld. The couples were inserted in the molten metal 
during welding. It may be seen that the cooling of the 
weld was very slow after a leveling-off temperature of 
about 350° F. has been attained 


22. SOME PRACTICAL IMPLICATIONS 


Strain-aging effects having been noted in the labora- 
tory, it is of interest to consider some of their practical 
implications. Since the results of notched-bend testg 
at —40° F. are difficult to correlate with service requiree 
ments (as is the case regardless of the method employed 
to measure ductility), it is proposed in this section only 
to present some comments of a rather general nature 

Actually, most welds are not subjected to appreciable 
plastic deformation aside from the small amount ins 
duced by differential cooling. The latter, equivalent 
to less than '/2°% elongation, would appear to be of 
little concern. Under the conditions of this investigas 
tion, a bend angle of 1° has been found to induce an 
elongation of about 5°; at the base of the notch. An 


elongation of 


o thus corresponds to a bend angle 
very much smaller than 1 

Referring now to applications in which effective pre- 
straining is unavoidably encountered in practice, the 
following findings and comments may be useful in cases 


where it is desired to minimize the strain-aging hazard: 


| O,@ FROM HIGH-SPEED RECORDS (3 SPECIMENS) 
— FROM LOW-SPEED RECORDS (2 erecuenne) | 
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1. On the basis of Sections 11, 12, 13 and 19, it seems 
improbable that immunity to strain-aging can be 
achieved through selection of electrodes or plate 
materials from among the varieties in common use. 

2. It appears from Section 9 that embrittlement may 
be expected to pass its peak within a week after pre- 
straining if storage is at room temperature. This sug- 
gests that difficulty need not be expected after long 
periods of storage. 

3. From Section 10, it appears that strain-aging is 
most severe when prestraining is done soon after weld- 
ing. Again a long period of storage may be expected to 
be beneficial. 

1. According to Section 18, storage of the weld at an 
elevated temperature greatly accelerates the benefits 
of prolonged storage at room temperature. For this 
reason the usual thermal stress-relieving treatment 
would be expected to minimize strain-aging hazards 
even in the case of severely prestrained welds. 

5. As noted in Section 21, welds in practice often 
cool more rapidly than do laboratory specimens. Thus, 
it is possible that there may occur strain-aging effects of 
greater intensity than those indicated in this investiga- 
tion. 


23. SUMMARY AND CONCLUSIONS 


The strain-aging characteristics of E6010 welds on 
\285 plate have been investigated, using the bead- 
on-plate notched-bend test at —40° F. for the evalua- 
tion of ductility. Among the factors investigated are 
the degree of prestraining, the duration of aging both 
before and after prestraining, the aging temperature 
and the temperature of the test to fracture. 

In addition to the work with E6010 welds on A285 
plate, other electrodes and other plate materials were 
employed in supplementary tests. 

The principal findings and accomplishments of the 
investigation may be summarized as follows: 

1. Under the conditions employed, susceptibility 
to strain-aging appears to be generally characteristic 
of are welds on mild steel. 

2. Welds on a fully killed steel (A.S.T.M. A201) 
were no less susceptible than those on semikilled A285 
and on the rimmed “E”’ steel of the Navy series. 

3. With regard to strain-aging, the behavior of low- 
hydrogen E6016 welds is similar to that of the high- 
hydrogen E6010, E6012 and E6020 types. 


4. Under the conditions employed, the peak of 
strain-age embrittlement is attained at room tempera- 
ture within a week after prestraining. Less than one 
month suffices to effect a full restoration of ductility. 

5. Aging at 212° F. greatly accelerates the attain- 
ment of the strain-aging peak and the subsequent 
restoration of ductility. 

6. An increasing period of storage before prestrain- 
ing causes a decrease in the severity of subsequent 
strain-aging. 

7. The strain-aging effect is believed to reside in the 
weld metal itself rather than in the heat-affected zone 
or in the parent plate. 

8. Some practical implications of the findings have 
been discussed. 

9. Since, in practice, welds often cool more rapidly 
than the laboratory specimens of this investigation, 
it seems possible that the former may exhibit strain- 
aging effects of greater severity. It is recommended 
that this possibility be investigated. 
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Sure they’ll crack and break if you can hit them hard and 
often enough, or drop them from some dizzy height. After all 
they are not indestructible. They can’t be. Nothing is. 


Sure they’ll eventually burn away if you can heat them 
continuously to enough thousands of degrees Fahrenheit. 
Is there anything under the sun that won’t? 


Through continuous experiment and endless testing, we have 
developed new jaw insulators for Jackson Electrode Holders. 
Made of laminated fiberglass with melamine binder and other 
high heat resistant material, these insulators more than keep 
step with ‘“‘Economy in Production”. They are built to take 
the higher amperages, larger electrodes and greater duty 
cycles, increasingly called for in are welding operations. 
H 

Now, the Jackson originated channel and crown type design 
is stronger in every way. Developed and produced in Jackson’s 
Plastic Division, these new insulators are now furnished 
standard on all Jackson Insulated Holders. Regardless of 
their greatly improved quality, we are glad to say... 


Decked out in its brand new jaw insulators, the Jackson arc welding 
electrode holder, Model A-W, is shown above. Most popular in the 
line of Jackson Holders, it is “‘Featherlight’’ (14 0z.), handles elec- 

trodes including 14 inch at 300 amperes. 


It still sells at the same price . . $6.00 (lower prices in quantities). 


through Distributors 


and Dealers 
WARREN-MICHIGAN 
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xtra service for your equipment when 


“WEAR-RESISTED” 


with AIRCO hardfacing alloys 


Because of the hardness and other 
desirable characteristics of these 
alloys. they provide high resistance 
to all types of wear—abrasion ... 


impact... heat... corrosion. One 
application often adds 2 to 25 times 
longer service life to worn or neu 
parts... big dividends in saving- 


of “down-time™ and replacements. 


There is an \ireo alloy available 
for oxyacetylene flame or electric 
are application to meet all types of 


wear conditions. 


Severe abrasion and medium 
impact 

Shattering impact and abrasion 
Severe impact and abrasion 
Sliding abrasion and impact 
Extreme earth abrasion 
Corrosion and heat 


Constant research is developing 
new alloys to meet special wear 


problems as they oceur. 


If you have parts or tools subject 
to any type of wear. it will pay you 
to investigate the savings you can 
make in maintenance and replace- 
ment costs by using Airco Hardfac- 


ing Alloves. 


For further information about 
lirco’s complete line of “wear-re- 
sistant” alloys, write your nearest 
futhorized Dealer 
for a free copy of the Hardfacing 
illovs Catalog. 


lirco offic e or 


A shielded are electrode sufficiently 
high in alloy content to produce a 
deposit bearing approximately 9% 
chrome and 0.9'¢ carbon. This alloy 
content results in a weld metal deposit 


which is essentially martensitic. 


Operators will find that the excep 
tionally fine are action of Airco No. 
368 increases both the speed and 


quality of their work. 


These are fabricated rods of tungsten 
carbide partic les en ased in a steel 
sheath. The various Tungtube num- 
hers indicate the sereen size of the 
tungsten carbide parti les contained 
within the tube. With its extreme hard 
ness tungsten carbide ranks second 
only to the diamond in earth cuttin: 
efficiency. It is accepted as the stand 
ard means of cutting non-metallic sub 
stances: such as. coal, shale. and 
eranite. It is recommended for core 
hits. fishtail bits. road plows. coal cut 
ler knives, plow shares ind similar 
equipment subjected to extreme earth 


abrasion, 


For joining aluminum bronze or other 
metals and combinations of dissimilar 
metals —and for overlays on bearing 
surfaces. machine parts. dies. ete. The 
deposits made with these electrodes 
are cCorroston and acid-resistant and 
will also retard wear from abrasion 


and Impact, 
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